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ABSTRACT

Theoretical studies concerning the mechanics of penetration snd
perforation of & snow covered Arctic sea ice sheet subjected to

projectile impact were performed,

Penetration problems were treated by a deep penetretion theory
based on dynamic spherical cavity expansion analysis. In particular,
finite compactibility and permanent deformation of bhoth the snow and
sea ice target materials were tsken into account by assuming a locking
approximation for behavior under hydrostatic stress, and response as an

elastic-plastic, linear strain hsrdening solid under shear stress.

Perforation problems were treated with the aid of a two-dimensional,
large deformation, dynamic, elastic-plastic computer code (CANDIA CODE)
wvhich was developed in a previous investigation. Specifically, axi-
symmetric, dynamic stress distributions were studied under conditions of
impact st normal incidence for a cylindrical blunt end projectile end a
sea ice target slab. A capability for considering perforation problems
wvhere fracture in the sea ice target meteriasl occurs was developed. In
this connection, the redistributions of both tensile and shear stresses
that accompeny propagating fracture surfaces were acknowledged. The
program was also modified to provide projectile deceleration loads
during the perforation process, and subrout{ges were created to treat
multilayer ice slabs and thereby accommodate effects contributed by

overlying snow cover and the underlying mushy sea ice skeleton layer.
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PREFACE

The inve:stigation reported here was sponcored by the U.S. Naval
Ordnance Laboratory (N¥OL, White Oak), Silver Spring, Maryland, under
ONR Contracts Nonr-2332(00) and N0OOO14-68-A-0243 (SRI Project No. 7000-452).
The work was performed between 1 July 1969 - 31 December 1969 and

Qg

15 April 1970 ~ 31 June 1970 and ir designated, unoffic%ally, Phase IV
AP 436120 e Zaw

Study. Results of the hag% I,)Phas; II, and Phage II1 studies were

published in separate Stanford Research Institute reports under a

similar titie and dated November 1965, May 1967, and September 1969.

The contract was monitored for the Naval Ordnance Laboratory by
Mr. M. M. Kleinerman. Project leader for Stanford Research Institute
was Dr. Bernard Ross, and principal investigators were Dr. Sathya Hanagud,

Dr. Bernard Ross, and Mr. Gursharan Sidhu.
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SYMBOLS

cross—-section area of projectile
radius of spherical cavity, see Fig. 3

constants related to dynamic pressure, see
Eq. III-34

radius of spherical shock front, see Fig. 3
constant of integration

constants related to dynamic pressure, see
Eq. I1I-77

diameter of projectile

modulus of elasticity (Young's modulus)
tangent modulus for linear strain-hardening
limit of integration, see Eqs. III-8, III-41

functions of integration

radius of elastic-plastic spherical shock front,

s=e Fig. 5

mass of projectile

summation exponent

static pressure term given by Eq. I1I-52
static pressure term given by Eq. III-72
static pressure term given by Eq. 111-34

dynamic pressure applied to spherical cavity
surface as a function of time
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dept®, velocity, snd acceleration, respectively,
of projectile in target material

depth of projectile penetrstion at transition
point, 4, = R
S

final penetration depth of projectile

depth of snow-ice interface at transition
point of projectile penetration process,

see Fig., 2

depth of snow cover, see Fig. 1

radial coordinate

dummy variable of integrstion

time

velocity of projectile after completion of
shallow penetration phase, assumed equal to
impact velocity

outward particle velocity in radial direction
projectile velocity at transition point, equal

to impact velocity for second phase of
penetration

nondimensional quantity, x = §3
yield stress
nondimensional quantity, y = 1/x
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snow parameter given by as = {1 - —

-3B_ P,

- s Ys
parameter given by ¢ = 1l -e —
s pzp

oL
parameter given by azs = 1 - 6—2
Is

)
material parameter for ice given by 8 = - —EB

materigl parameter for snow given by Bs

small quantity in the mathematical sense

loczing strain, €, = =~ ¢
€ ) y

normal strains in radial and circumferential
directions, respectively

normal strain rates in radial and circumferential
directions, respectively

Z 1 -38
series expression given by T = - (1 - e —_—

equatorial spherical coordinate

nondimensional quantity, & = r/a
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dengity of target material
locking density of target material

normal stresses in radial and circumferential
directions, respectively

refers to locked plastic region in sea ice

refers to initial values and/or stress-free region
refers to snow region

refers to ice region

initial and final states, respectively, of a
hydrostatic compression process
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I INTRODUCTION

This report presents the final results of a comprehensive, long
term investigation concerning the penetration and perforation* behavior
of Arctic sea ice subjected to impact by inert projectiles. The impor-
tance of these engineering problems to the Arctic Antisubmarine Warfare
Program has been described in three reports under the present title
issued during November 1965,1** May 1967,2 and September 1969.3 The
last report contained a complete summary of work performed and progress

achieved up to that date; therefore, the topic is not considered anew.

However, it is noted briefly that two important analytical
procedures for treating projectile-sea ice interaction problems were
developed after completion of the second study. As described in the
last report, these efforts included the realization of a large defor-
mation, elastic-plastic, artificial viscosity type computer program
(CANDIA CODE) which could be used to solve a wide variety of axisymmetric,
two-dimensional, dynamic, and/or impact problems,4’5’6’7’8 and a large
deformation deep penetration theory for analyzing projectile motion in

9,10 2
compactible media. »10,11,1

Even though it was possible to derive a substantial body of

information by applying these procedures to Arctic sea ice perforation

* For the purpose of this study, penetration can be defired as 'he
entrance of a projectile into a target or ice cover without com-
pleting its passage through the body, whereas perforation implies the
complete piercing of the target slab or ice cover by the projectile.

** Superscript numbers refer to references which are collected at the
end of this report.
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and penetration problems, it was recognized that further improvements

were still required for practical application of the theoretical work,

For example, perforation of an Arctic sea ice cover by an impacting
projectile creates fracture surfaces in the target material, and it is
the resultant geometry of this process that describes both the mode of
perforation and the associated value of critical impact velocity.*
Moreover, important redistributions of stresses occur when fracture
surfaces develop, and these changes affect both the failure phenomenon
itself and the magnitudes of stress experienced by the impacting pro-
Jjectile. In this connection, the previous version of the code was
capable of providing complete descriptions of both stress and defor-
mation fields in the impacting bodies. It remained to postulate suitable
failure criteria and expected crack propagation paths to define the
global fracture pattern and the mechanism of projectile transit through

the sea ice cover,

In consequence of the present work, it is possible now to track the
actual failure configuration as a function of time after initial impact,
and to acknowledge that the complement of both shear and cleavage frac-
ture surface propagation paths is being influenced continuously by the

developing fracture process.

On the other hand, the previous deep penetration theory was limited
in application to homogeneous, isotropic media and thus was not suitable
for cases involving a snow covered Arctic ice sheet. To correct this
shortcoming, present research efforts were directed toward realization of

a multilayer deep penetration theory to treat the practical projectile

* Critical velocity is defined as the minimum or threshold impact
velocity for complete penetration, i.e., perforation.




penetration problem characterized by a two-layer, snow-ice target
material. This work can be employed to obtain penetration performance

curves for projectiles deployed in a typical Arctic envéronment.

In sum, these connected analyses (namely, direct treatment of the
dynamic fracture problem and synthesis of a multilayer, large deformation,
deep penetration theory) constitute the basis of this investigation.
However, in addition to these studies a subsidiary effort concerning the
determination of maximum deceleration loads experienced by a projectile
during the sea ice perforation process was carried out. Unfortunately,
numerical calculations for both of these problems could not be carried
out due to a lack of funds for computer runs. Therefore, the significance
of present developments as applied to the design and development of naval

weapons for Arctic application could not be examined.
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I MECHANICS COF FRACTURE

The work accomplished was concentrated on modifying and restructuring
the CANDIA CODE to enable theoretical analysis of problems where fracture

of the ice slab occurs. This phencmenon engenders redistributions of

stresses in the target material, and esccompanying effects in the magni-
tude and distributions of loads sustained by the impacting projectile.
Thus, from an overall viewpceint, these efforts were directed toward the
transformation of a computer code employed previously es a research tool
to a working code which can be utilized to perform engineering design

and development calculations.

To sustain these particular goals and to treat the fracture problem
in sea ice, per se, it was necessary to recast the code so that problems
characterized by greater numbers of variables and finer finite-difference
calculation mesh networks could be sccommodated. For example, in initial
format the code considered sea ice to be homogeneous and isotropic,
whereas, in fact, this material is strongly anisotropic and inhomogeneous.
Consequently, introduction of this more advanced description of material
composition would furnish a demand for increase in the number of input
variables that are needed for numerical cslculation., Moreover, greater
machine storage and capability were slso required because a developing
fracture surface submits many more mesh points of importance into the
calculation process. To overcome these difficulties, the entire CANDIA
CODE, as listed and flow~charted in the last comprehensive report,3 was
restructured to eliminate its dependence on high speed core memory
storage. As a result, the code in its present format can be employed to

take advantage of random access disc storage.

Preceding page blank

)




At this time, the entire code exists on disc in precompiled form
which is compatible with all electronic dets processing eguipment based
on the FORTRAN language. As such, the cocde gains advantage in capabil-
ity and versatility by employing fixed or consistent amounts of high

speed core storage with a random access interface.
Briefly, advanteges of the new disc format are:

® Capacity increased; that is, problems characterized
by greater numbers of intrinsic variables and re-
quiring finer mesh works for calculation purposes
can be treated. The fracture problem in sea ice
falls within this definition.

¢ Convenience increased; that is, ease of working

3 with the code has been considered. For instance,
g the code is transcribed presently on one disc pack
k- in lieu of multiple racks of perforated cards.

® Versatility increased; that is, interrupted
calculations can be performed so that when a
computation procedure is stopped intermittently
it is no longer necessary to resume calculations
from the initial, or zero, input state. Instead,
numerical treatment can be restarted from the pre-
vious termination point. In this manner, and with

f particular relevence to the fracture problem, an

A analysis can be intercepted to focus attention on

the development of a propagating fracture surface

and the attendant stresses in plastic zones

surrounding a crack tip.

® Information display possibilities increased; that
is, direct computer readout is feasible to furnish
continuing computer code output by means of cathode
ray terminals. Thus, it becomes practical to take
movies of progressive display patterns and thereby

; indicate visually the continuing propagation of

1 fracture surfaces and ancillary stress redistri-

i butions in both target material and impacting

3 projectile.

3
.
i
4
]
u

With restructuring and modification of the computer code effected,

it was possible to attack the fracture problem directly. However, in




this case it was acknowledged first that the treatment of stress redis-
tributions due to developing fracture surfaces would be closely coupled
to the states of stress existing on free surface boundaries such that
the proper numericsl treatment of houndary conditions themselves would
be an utmost necessity. 1In this connection, it was pointed out in Ref. 3
that many large deformation elastic-plastic computer codes currently in
existence were founded on incorrect boundary condition formulations.
Thus, an appendix was included in the report containing a lengthy deri-
vation for the true treatment of these boundary conditions., Because
thig development was somewhat unwieldy in the form presented, consider-
able effort was expended during the current period in rewriting a more

concise and simplified algorithm for this aspect of the problem.

Once this task was completed, it was possible to create an
additional algorithm to treat the fracture problem itself. 1In this
case, the algorithm was founded on the development of a point condition
code which enabled integer point condition values to he associated with
different characteristic free surface points on nodal intersections in
the finite difference network. For example, individual point values
were ascribed with concomitant subroutines to represent lateral and
transverse free surface points, interior fracture surface points, and
corner points on both target and projectile. As a result, point con~
dition changes could be related to responsive subroutines in correspon-
dence with physical transformations of both impacting bodies. Conse-
quently, it is possible now to track in the computer both current
boundary states and conditions, as well as emerging and propagating

fracture surfaces.

Use was then made of the modified boundary condition and fracture
algorithms to treat the shear fracture preblem encountered when a blunt
or hemispherical nose projectile experiences initial penetration in a

target material, In this case, it was known from previous experimental,

rsvw YTV
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field test, and theoretical studies that, due to the anisotropic neture
of a sea ice target materisl, initiai fracture under these impact con-
ditions would occur in the shear mode along czz-normal stress planes in

the verticel direction.*

With the shear fracture phazse of the overall perforation process
accounted for, work progressed toward realization of a fracture algorithm
to describe failure surface propagation under tensile principal stresses.
The important difficulty overcome in tresting this problem was thet frac-
ture does not occur necessarily along a mesh direction.** Therefore,
there remained the burden of outlining and defining not only the stress
redistributions at incipient fracture but the directions of the fracture

planes themselves,

In this context, a method of approach was devised and implemented in

the present version of the code., Specifically, all components of the oij

* Fracture configurations in the shear mode are initiated upon projectile
impact at normsl incidence because, for a blunt penetrator, regions of
intense shear stress are generated around the projectile periphery.
Moreover, laboratory experiments and field test results, as well as
theoretical calculations (CANDIA CODE), indicate that continued shear
penetration and concomitant fracture patterns are engendered in the
sea ice slab until penetration depths of the order of 70-80% sea ice
sheet thickness are achieved. At this point, it is recognized that
shear stress magnitudes fall off and that further fracture and ultimate
perfocration are the result of sea ice failure under tensile stress. In
sum, complete penetration is obtained through a composite process char-
acterized by initial failure due to shear and terminal failure as o
result of tensile or cleavage fracture. Consequently, ultimate perfo-
ration results in the ejection of a cylindrical-conical shear plug of
target material by the impscting body.

** In this connection, the orientations of component segments of o
developing tensile fracture surface are releted directly to the
magnitudes end directions of local principal stresses, which them-
selves are dependent variables of the problem in question. Thus,
developing cleavage fracture surfaces do not correspond necessarily
in spatial alignment and configuration to the postulated geometry of
the mesh network employed for finite-difference calculations.




stress tensor are determined at the center point of a given ares segment
in 2 mesh network. Knowing these quantities enables the three principal
stresses to be determined, whereupon a test is performed to isolate any
possibility that the shear stress component of the totasl stress tzusor
violates the allowable shear failure stress of the target materiil.
Assuming this is not the case and that shear fracture does not develop,
then the calculation sequence is pursued further by comparing the maximum
principal stress value with the allowable failure stress in uniaxial
tension. If the former quantity exceeds the latter, it can be assumed
(i.e., at least for an elastic brittle material such as freshwater ice)
that fracture occurs over the mesh section of interest. Then, spatial
orientation of the fracture surface segment is obtained by considering
the cleavage plane to be orthogonal to the direction of the maximum

principal stress component.

Thus, knowledge of the magnitudes and directions of principal stress
quantities at a central point in the mesh section enables the prediction
of fracture likelihood and resultant local failure surface geometry to be
made. Once fracture occurs over a mesh section, it is necessary to pos-
tulate free surface boundary conditions which provide a zero traction
state over the developing area of material separation. Then, the physi-
cal situation at the failed mesh section must be rechecked at each and
every time step of succeeding numerical calculation to determine whether
changes in external loading and/or internal stress state have resulted in
subjecting the mutual fracture surfaces to closure and compressive

pressure., If this turns out to be the case, free surface boundary con-

ditions are stricken and appropriate interface conditions substituted in
their place. Finally, at the conclusion of each calculation time step,
a locus or contour is passed through all of the individual fracture sur-

face segments to indicate instantaneous states of the composite failure

psttern developed in the target moterial subjected to projectile impact.




II1 MECHARICS OF PENETRATION

In sddition to continuing research in the fracture problem, efforts
were devoted to realizing a theory for the deep penetration of projec-
tiles in multilayered media such as a snow covered Arctic sea ice
sheet.ls’M'15 Sclutions of the dee penetration problem for a single
layer, homogeneous, isotropic sea ice cover have been obtained already,
and their formulation and development were presented in a recently issued
comprehensive report.3 Fortunately, most of this previous work was
applicable directly to the multilayered penetration problem; thus, the
compounding of a tractable theory applicable to projectile-sea ice inter~
action problems for 8 more complicated target material did not offer

substantial difficulty,

In this case, continued use was made of the two most important
conceptual fundamentals upon which the previous theory was based. These
are: first, that transformation of the deep penetration problem itself
can be effected successfully to yield a problem concerned with dynamic
stress distributions in an infinite solid thet contains a spherical
cavity subjected to step input in pressure*, and, second, that the dynemic
constitutive behavior of compactibis materials such as Arctic sea ice
and snow can be represented satisfactorily by assuming an idealized
locking approximation for Rankine-Hugoniot material behavior under

hydrostatic compressive stress.

* This metemorphosis is founded specifically on the assumption that dy-
namic pressure experienced by a penetrating projectile at its stagnation
point is comparable by reason of symmetry to the similar pressure quan-
tity which exists et the surface of a dynamic expandirg spherical cavity.
A corollary assumption enables an expression for the complete force
resisting continued penetration to be established by postulating that
the spatiail variation of pressure over the frontal portion of the
projectile can be represented by a simple cosine relationship.!”

11
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Both of these arguments were invoked to resolve the multilayer
penetration problem. 1In particular, a systematic approach was deviged to
recast the two-layer terget configuraticn into the form nf an idealized
infinite body that included a sphericel cavity surrounded by two concen-
tric spherical regions of material having the relevant physical and
mechanical properties of Arctic snow and sea ice. Then, the dynamic
spherical expansion problem wes worked through sgain for the composite
material configuration. This task demanded relatively more complicated
algebraic formulations but did not require an increasse in mathematical
generality or important theoretical innovation. The problem was made
somewhat easier by the fact that reflected stress waves in a locked
material travel at infinite speeds, so that introduction of limiting
conditions into the mathematical process resulted in well-defined

simplifications.

The problem considered is depicted schematicelly in Figs. 1 and 2.
Attention 1s directed first to the ideal locked-rigid plastic material
in Region ls (Figs. 3 and 4) which is behind the advancing shock front

at r = b(t). The locking condition on strain is
€ +2, = ¢ (I111-1)
[

where €1, the ideal locking strain for snow is a time-invariant material

property. Differentiating with respect to time results in
€ +2, = 0 (111-2)

These strain rate quantities can be expressed in terms of radial outward

particle velocity, v(r,t), by the kinematic relations

o
<

(111-3)

.
-
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Substitution and integration yield

£ (t)
v = ; (111-4)

where subscript s denotes quantities in the locked-plastic snow

region. The stress-strain relationship in shear for a rigid-plastic
3

material with lineaer strain hardening is

2
ce - or = Ys + 3 Ets(ee - er) (111-5)

Under conditions of spherical symmetry, the equation of motion becomes
Bcr 2 v Bvs
T—+=(_-g¢ = T+ o 11-6
dr r ( r 9) o‘s at Vs ar (111-6)

Finally, the large deformation circumferential strain is given by

€. = 1n— (I11-7)
2] ro

Combining these relationships into Eq. III-6 and integrating provides

the following expression.

r

1 r 2515
c = 2Y n + 2 — E 2 -— ar
rg s Inr r' g In T * 3 >
f
s
22
—py 2+ da, L (111-8)
ls r 2 zs r’ gs

Conservation of mass across the shock front at the stress free-locked

plastic interface yields

o
1]

©
#

o pp (b ~v) @ r b(t) (I11-9)
] S S
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or upon reduction

a b°b (I11-10)

T (t)
s
where
= 1 - / I1I-11
o °°s st ( )
Similarly, conservation of momentum yields
O, = -fp(b=-v)Iv. @ r = blt) (111-12)
] s s 8
or upon reductinn
Or, = - po0 1 (111-13)
r=b
The boundary condition on stress at the cavity surface is

o, = =-p(t) @ r = a(t) (111-14)
s

Then, from Eq. III-8 evaluated at r = a(t)

a -
(t) = -p(t) -2Y lna -2 Lg 21n£'—+2.!’8dr'
& - P s r tg r 3
_ o
b 4
s
fs 1 fi
— - = — I1I-15
* D‘s a 2 Dzs at ( )
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so that the equation for radial stress becomes

r -
, 2

r 1 r zs '

c = =~ p(t) +2Y In—+ 2 < E, (21In—T+ dr
Ts 5 a r s ro 3

3. 402 (1 1N
-2 Pa b (T ~F) (111-16)

Using Eq. III-13, an expression is obtained for the pressure variaticn

with time at the cavity surface

b

b 1 r' 2625
t = 2Y 1n—+ 2 - E 2 In — + dr'
p(t) s ' a r ts r 3

a

2% L opie) (1.1
ragy (5 28 (3 - )

1 a2 ( 1 1) ‘2
- bbb |~ - )+ b ITI-17
2 cv:asp"'s at vt p‘)s"’[s ( )

Equation III-17 can be reduced further by application of the boundary

condition on particle velocity at the cavity surface

v = a4 @ r = a(t) (111-18)

o b°b = a°a (III-19)
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Differentiation of both gides of Eq. III-19 with respect to time yields
as(bzis + 2b63) = a°a + 2a8? (111-20)

Substitution of these results into Eq. III-17 gives

b
2¢
b 1 r' Lol
() = 2v lna+2/ = Ets(z 1nr°+ 3>dr

3y 2) (11D
+ Dts (a a + 288 ) <a b

2

4 2 -1__ - _L) a *e -
(a‘ W)t Pog ¥ ab (I11-21)

- 1 a a
2 ota

Surfaces of discontinuity in displacement and particle velocity cannot
exist if fracture at the shock front is omitted from consideration. :
Thus, vs(t) is zero on the shock front since the stress free material r
ahead of the locked plastic zone is quiescent. As a consequence, no

material moves through the shock front and the fcllowing compressibility

relationship can be applied at successive times over the volume of

locked plastic material bounded by the cavity surface and an arbitrary

spherical surface at the present shock front location

(8 - a®py = (0% - aQdp, (111-22)
Upon reduction
3
a® ¢
B o
a 5 = 1 -—59 —=2 (IX1-23)
S a a [}
8
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16,17,18
But, it has been shown by Goodier '~ '~ that, for the deep penetration

problem, the following assumption can be made

3 B o AT LA A 3T Ay < T ) WA A i

In addition, pz > Do, so that

a (111-24}

Equation III-21 becomes

p(t)

]
i
W o
<
1]
o
=]
R
L]
+
n
=4
|
e
ot
wn
e
[
=
+
N
w2
S —
Q.
"1

.2 4/3 2 13
a© (1 - ) + 111-25
2 pzs ( as oosa a; ( )

The remaining integral must be evaluated. Application of an appropriate
compressibility relationship at an arbitrary location, r, within the

locked plastic region yields

(° - a®)py (rg - 8P, (111-26)
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Using the deep penetration assumption (i.e., & > 8%)' Eq. 111-26

becomes*

¢ a 1/3
[os r’ /s 1] (111-27)

=
r oy r°/8° -
o s

Letting
x = 8 = /8

and employing Eq. II1-27 enables the integral expression in Eq. III-25

to be written as follows

b -
t) ' 28,
2 Lg [2mE 4+ —Ear
r g r 3
a(t)
v /a° 0 b /a° b /a®
o
= ZE, 1n — 9%, ) 9 , 1n X9 (I111-28)
s pzs b s X x-1 x
1 1 1
*
3 3 _ a _ .3
(r - ) Prg = (ro 8 ) D°s
-8 = (rz - ai) o /pzs
P
o o
P - = — - o —
i 0025 Lg
3
Ei a’ pOs a0 pos
a -3 = T -5 T
s Yo Prs Yo P,

(footnote continued on next page)
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Evaluation of the first two integrals in the second member of Eq. III-2§

3
is straightforward. The remaining integral is attacked by letting
y = 1.'x and changing the lower limit of integration to 1-€ uwhere
€ << 1. There results

b3 /aa 8.:' bd

dv
in ~— — In {1-y) —y" (111-29)

¢

e

Since b > a always and 1-€ < 1, the range of values over which integration
takes place {i.e., 1~¢ 2 y 2 b® 2°) ensures that y < 1 so that the inte-

grand can be expanded in series form. Step by step integration vields

1 /a° 1-¢
x dx . :
T U PN SR SR (111-30)
x~1 x 4 9 & P

(footnote continued)

but I8 > pos and r% >> ai

o}
. OS/QZs -
v ra/r"f) - aS/r"é -
/ 3
(Dos Ozs)l‘ ) .
© /15 - a/ry Y
3.3
(Dos/%s)r ry .
3 3 = 1

-




Allowing € -+ 0 and introducing Eq. III-24 results in

v /a® ©
x dx ™ 1 n
—— e Z e— - I1I1-31
1 x-1 x 6 Z;Eds ( )
n=1
1
Finally, Eq. III1-25 becomes
[--]
2 4 ™ 1 n
P(E) = -5 Y Imo 4B T - ) F o
n=1
+ 0y (a" + 2‘2)<1 -al/a)
s
1 . .
-=py & (1 - a"/a) + pg 8% /3 (111-32)
2 s (] s (]

The expression for pressure can be broken down into static and dynamic

parts so that

. 2
= + + I-3
p(t) P pzs<Blaa Bza> (111-33)
where
2 2 4 ~ 1
= = -2Y Ino -SE )z
pS 27 Ets 3 s n as 9 tg n° s
n=1
B = 1-¢/3
1 s
3 /3 , 1 /3
= - - .'. + —
82 2 a o's)d?s 2 s
or
3 1 /
B = =-/3 =8/ (111-34)
2 2 s 2 s
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The relationship for pressure variation at the cavity surface given by
Eq. I1I-33 is used in the Goodier deep penetration theorya'16 to obtain
an expression for resisting forces acting on the projectile. Then, an
equation of motion for projectile transit in the target material can be

written

Mg = - + 2, (B 24 +B a)mz- (111-35)
= Pg v 3P B 28 B9 )7y

After integration, Eq. III-35 becomes

2 .z 4 q
1 ( + = ) = == + -
n { Pg 332”5“ 3820125!14-8 20 Co (I111-36)
AT 134
3,16 .

Exact shallow penetration theory is avoided in this consideration.
Instead, it is assumed on balance that the onset of resistance to pene-
tration in snow takes place at an indentation depth corresponding to the

centroid of the nose hemisphere. That is, when q = 6D/16. Under these

conditions, Eq. III-36 becomes

b+ 2B oy &

S 3 ¢ 4

n > S = - -5 K{_—-_—Is)_—_ (q - 5D, 16) (111-37)
bs * 3 B0V, PR N

The first phase of penetration is completed when the projectile

encounters the snow-ice interface. Here,

= = >
a og R 2B,

Substitution of q = R into Eq. III-37 determines the projectile velo:ity,

éos, wvhich characterizes initiation of the second penetration phase,




In the second phase of penetration, the projectile encounters an
ice cover which is assumed in the present problem to behave as en elastic-
plastic solid in shear, and incompressible under hydrostatic stress.
Attention is directed to Figs. 5 and 6. Using expressions which have
been developed in Ref. 3, the radial normal stress at the snow-ice

interface is given by*

P
2 -38 Yo \ 2
- = i - — ) e TP
Ory 3 Y 1“<1 EYIN AT
r= p/

ST e R S SN S PRSP N

4/ -33) " :

- - + b H

+ P E \1 e o Do §

%

i

;

+ap (b\S + 2132)(3 - 1) F

4 R F

s

-Lo?p, 1P (-13:- - 1) (111-38)

2 plp \R

Again, from previous work :
. £ (t)

b I i

= = I1I1-39 !

VI Qp Rz Rg ( ) :‘

r= :

where () = apb"‘t’) (111-40)

[ P S o

* The subscript, I, has been omitted from the quantities Y, oo, pzp, Et'
and E for reasons of mathematical conve¢ iience.
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In the snow region, the general solution to the problem can be written

as

) 2
Op, = 2Ys Inr+ 2 _‘-Eta (2 1n—-+5§’,)dr'
f
s
f.s 1 s
- —_— = + I11-41
% T * 2P0 F (D) ( )
fs(t)
ve = T (111-42)
Boundary conditions are given by:
r = a(t)
ors = ~ p(t) (111-43)
r = R(t)
Py (R -v) = Ozp(R - v (111-44)
o} - - - R - -
re orI Dtp(vl R)(vI vs) (I11-45)

The quanti.ies O’X and vI at r = R are given by Eqs. III-38, I1I-39,
Us2 of Eq. 1I11-42 vrables the quantity, gs(t), in Eq. II1I-41 to be

expressed in terms of p(t).
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Then, the new relationship for ars is given by

r

a

a r 2 8 5 \a r
From the boundary condition of Eq. III-44,
L\ . P
q v = ( - ___p) R+ —E v
p s =R I Pg
3‘ 02 ) Ol
i () = (1-=—BJgR, 2R,y (4
s Oy Pe, 1
1 s s

o Vo,

o e

P

o, -¢ =0, (R -« bab)(oz-l?-a-—ﬁ-cx R - (1-0, )a
rg ry T T dp p R p R° Lg s p
r=R
or
. b°bR Bt ?
o} -0 = ~ 2 ——
rg ry =R pzp( %sn * 2%5% R® d:als rt )

27

o

T 1 r 2 -
s - + -+ 2 — 2 1n — -~
Org p(t) 2Ys in " / o Ets ( 1 r t3

‘s)dr

(111-46)

(I111-47)

(I11-48)

Substitution into the boundary condition given by Eq. 1II-45 yvields

b"b
R) (II1-49)

(I11-50)
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i i
e :
4 5
o3
4
E. 3
-z ¢
E:
k
A
Z
5 <
1
4

4 Substitution of Eqs. III-46, III-38 in Eq. III-50 gives g
R 1 ro2 .
3 - p(t) + 2Ys in " + 2 . Ets (2 1n =+ 3 Q’)dr ;
4 [0 3
3> a ,éc
% . iﬁﬂ .a aedd/l 1 i
+0, lao (2RE® + RPH) + a (2bb° + b°hH) (— -
s ] p"s p a R
“ 1 0_!1 2.8 ?_{2 2 ) 1 1 ;
=30 |- )RR+ apbb(;;--iz-
“ "5 LS *
+P_ +ap b +ap (Zbl.wz-rl:;af))('l'-l
3 I ‘po P Lp R b
3 1 . .2( 1 1)
;\ = Pl -~ —
i PP
i 1P bR bt b2
= sz<‘ dz R 20!‘ o Ra pdzs R‘ ) (111-51)
:
3 where
1
P, = -2y iIn 1-e'3sf-‘-’- . 2 nE |
' Y 3 Py 27
g P i
: . ° 4 3p
. —:4'E %‘ 1 _e-SB__o_ +—E(1 - e ) (111-52) ‘A
: n=1 P :
l E
;
5
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Solving Eq. III-51 for the dynamic pressure variation at the cavity

surface and subsequent resrrangement yields

R
R 1 r 2 .
t) = 2Y In~4 2 “E{(21n—4 25, Jar
p(t) 8 a [r' ts( nro 3 ‘s)r
2

« o 1 1
v oy 0y (20 + B°R) (; - E)

+ap, (2b5° + b2h) (l--l-
P *p a b

2
D
_1 2p , 2B . 20 (_1.-_1_)

S

1 4.2( 1 1)

= P2 - ). p
* 2 d:"ip AR TR 1
+ap b4 R - 2p abzi’fz

p’o %155y 1p%1:% ®

B¢ B2

+ — IT11-53

O’:Uospzp ' ( )

The following relationships have been derived in Ref. 3 and are listed
for convenience,

R
1 ro2 . 2 4
2 —_ 2 —_— = dr' = —=rfg. <2 g 7 1I-54
f r Ets< In ro 3 ‘es)r 27 ts o9 ts?l a )
a
=38 o
R 2 o
2¥ =In= = -2y 1pf; ., ¢ % (111-55)
s a 3 s Dls
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where

ay (2RR® + R°R)
8

o

where B

o |

R
( )sz

2aa° + aa

30

(111-56)

(111-57)

(111-58)

(111-59)

(111-60)

(II1-61)

(I111-62)

(111-63)
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Using Eqs. III-62, II1I-63

~-3B Do RZ oo
b®°f{1 -e  =-—] = R¥(1 - = — (111-64)
Py R™ oy
B P
or
-1/3 3 1/3
-38 o Ro Po
b = R{l1 - ¢ - 1 -5 — (I11-65)
Pip R Pty

Now pzp > Do, and for deep penetration depths of the order of several

projectile diameters in ice, R > RZ. Thus, Eq. II1-65 becomes

b = ry ~/° (111-66)
P
P
where g = (1 - B —9—> (I111-67)
P 0y
P
It follows readily that
..3 —1/3 Vi -'1/3
Bs o°s -3B po
P = al - e ;—— 1 -e 5—— (111-68)
Ip/ fp
-1/3 -1/ 3
or b = ax / o / (I11-69)
s p
/ —365 Po.\
where &s = (1-e o (111-70)
\ Pop
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Introduction of these reiationships in Eq. I1I-53 yields

p(t) =

[}

W e

-38_p,
v mf1-e °®—2)+ 2
s p 27 ts
lg

_4 i+ 20ty (L - L
91’51._5"]+o"’3(aa+2aa) 2 "R

- wl - =) Qe 7 l _ 1
v g @) @)™ (6% + 208 (3

8

1 _1
R* *

+B +ap @)0@)0R + o0
po p s P

- Zptpdzsap(&p)“l (as)—z/a éa

+ gy @) @R

Now let
2
P = P -=v 1 -
11 1 38 " (} €
2 4
+ == n°E, - ~E
27 ts 9 tsn
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b

2
1 2. , . - a,-y12:] (1 1
2 p,‘s[a a+ y ap(ap) (as) a a] (a" =
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-3/8,
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Then

. . ~1/8
0 < mpe i a5
p(t) 1 + (aa + 23°) Dzs 1 as
%pLp
b =P (1_51/3& 1/3)}
oo s p
Ps
2
pg. @
1 . - 4/3
- Py e —E B (1~ "/)
s Dp o o s
s ps
2
@ p
L1 % (1_&4/3)-2
2@°a°® s
P s
2
ap o, 0 o) o > “a
+ &%= 2/:?-0:37:? + -izs/:fp - 20p = fszga— + fST 0 (111-73)
7 o o P& &< 2/ Ay
p S s P s P s
Rearranging
Q’DZ ,
" - 1/3 p D( -1/3-1/:3)
= P + 0 - + T 1l - o
p(t) I aa[gs(l o ) 3 < ozp J
P s
1/ 2&02 1/3.1,8
+a22p£(1-01 3) P =22y L 53, /)
s 5 o s p
p's
P O{p ° 4/3
->0y, 1+——9---) (1 7 /)
2 s P, o« S
S ps
@ ®py @ P @ Py
1 p p( -4/3) P o s *p
+ Ty —= {1 - & * TErEE T ¢ oo,
2q°q® s o % < o </
P s p s s
O(Esdp GPSQ’IIS
"2 [E— +_')._ ‘7'
‘:"pozpczs::3 ap“aszjap%} (II1-74)




Equation II1-74 can be rewritten as

B(t) = P +C ad + czr;2 (I11-75)
where

%P 1p /
C = o (1 -a 1/3) + = (1 -a'ta 1/3) (111-76)
1 s s a o s P

P s

o Dl

c = 2 @__ & 1/3) NP e I NP EVEY 1/3)
2 "S S asap P

pzs P s
4. %P 1504
A () e, T
2d°"a s & “/3g /3 " g=/3
P s 4] 8 s
-3
oy o “ay
= 2py ""79‘-- s+ To=oTE 575 0y (111-77)
P dpds dp as P

It has been shown in Ref. 3 that an expression for dynamic
pressure ut the spherical cavity surface, such as the one given by
Eq. III1-75, can be employed to derive an equation of motion for pro-
Jectile penetration. 1In the rv2sent case, the following relationship
is obtained

(3

2 D .. o
Mg = - [P 4= (c 24+ c _— 111-78
g 5 (¢ 7d+cd )] ( )




The usual process of integration yields

+ 2 £
1n - S LIRS ) L) 8 9 (111-79)
P_+2/3Cv: ~  3M/A+CD/3
11 2 9s 1
Solving for the terminal penetration depth
D P 2 2

=4 s 3 M/A + C1 /3 . II + 2/3 C!2vos (111-80)

= aq, 5

t s 4 Ca e

Here, qos and vos refer to the penetration depth and exit velocity,
respectively, characterizing projectile transit through the overlying
snow cover. These quantities are obtained from soiution of the first

phase penetration problem.
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Appendix A

LISTING FOR LARGE DEFORMATION THEORY COMPUTER CODE
THAT INCORPORATES STRESS REDISTRIBUTIONS DUE TO FRACTURE

Preceding page blank
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Rt

A

T N
ot phe RIS

e

e et

JILTSTER  JUB  *AS19%2%,602,1¢9¢ ' SINHY®
J/eSERVICE  LISY
//3PRINT COPLES=2
//STFPL  EXEC FORTHCLG
//FGRTSYSIN CR ¢

JOR 485

E C 28296085880 80480 ERRREERERE PR RRREPERESCERESSRR RS gEsas SRR LSS SR kRt

x o
y C VERSICN FSPlecs o THWO NIMENSIONAL AXISYMMETTRIC ¢CANDIA® CADT,
. ':,.‘, “

4 c THIS VERSIEN CUMPATIRLFE UN ANY [8M 360 MACHINE

3 c

g o LANGHAGF eee o FCRTRAN (IV) H

i c

L r ;
L C MBSk R4 SIS BPREBELEBRREPIERNELEEBEREXSE P ERKRESEEE XS RSP ERE U ST RN KRS

3 IMPLICIT REAL®B (A=HoN=Zs8)¢ INTEGER (I-N) .
3 COMMNN /CCML/ AR (244946) ¢ ARH (24446), ARNDH(24446)

2 l A7 (24¢4h), AZH (24,46),  ATDH{2444h),

§: ? AA (24 446)y AV (24446), AP (24446)

3 1 ATRP(24040)y ATI2(24446), ATRZU24446)

3 . ATTT(244%6) :
. & ASRR( 2444600 ASI2(24446) ASRY (24940 ;
" ASTT(26,446) 3
% CUMAIN /CLP2/ HR  (4Hy )y RRH {46y 6) ARDH{G6y b)y ;
b ' B7 (a0, 6)y BIH (ho, b), R2NiH{46, 6), i
: ? NA (4Ay A)y BV (%6, b)), AP {4by 6) '
A 3 BTRRI46y A)y RTZZL4Ay 6)y  ATRI{4Hy 6)

K % BTTT(4h, 6), i

3 3 BSRA(46y A)y BSZ2(46, nle - ASRI(GLe 6)
ASTTI4n, o) - -
E COMMON /COMIZ TR (M4 ,4h), TRH (24,44A), TRAKL 244 0h)
T7  (2444h) s TIH (2444A), TIN{ 26 yhh),y
SR{40)y S2l4a)y TSRI{GE), TSI(4h), IM{2.4K), SPTM(S),
ALE2)s A2(2)y ABL2)y A6 )y ALEN(2)y AMAT{2)y Ad(2)e ANUL2),
RK(2)y CAPF(2),y CNUT(2)y NRI2)y D7(2)y RAD{2), RHU(2)}, RDOT(2),
2HNG{2) e PHETI?2)y TuNUL2)y YTUL2)y ZDUT(2)y 2VI2)y VEUN(2),
T UQeUTNGCTReDTHRNTMENGZDINT Z TYME JCHFKD W FACTP
Cl4anN /Z1CCYL/  IPTA(24446)
; CumMUN /ICCM2/ TPTID(4L6, 6)
CMMUy Z710CM27 ISHP L2,y UM(2)y KM(2), KMI D,
1 IOONGICTL G ICT? TOENT o IMAX g IPRNT o TCYCL ¢ IMAP o NTT o KINT ¢KMNyKMX

A% wv &

s o0
3

B

~ v

Ak A AK

CA=Ce

READ (54107) INFNTY
109 FURMAT (110)

1Y A¥w

r
-
g r SFT ARTIFICIAL wISCUSITY COZFFICIFNT VALUF
4 C
¢

1IRNT NEW RUN \D SAVE N
NEA RUN SAVE 00
RESUMT NU SAVE A4

EESYNF SAVE “Q‘

DY YA
(TR T ™
R

L £ 1

16 (JOFATLCFE 3} CALL RSuE
IF (IDENTWCFa1) w0 TN 370
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READ IN TATA FRCM CARDS

e s

CALL INPTY
"y

DU ALL INITIAL MODIFICATION OF DAYTAL..UNITS FYC
L3 1 L

CALL INITY
sReES

CREATE YrE FINITE DIFFERENCE GRIN WORK AND ALL DISC FILFS

s ond

CALL ORICEC
2wk

WRITE UUT THE SALIFNT ASPFCTS OF THE PRUBLEM

derny

377 CALL INWRR
re ks

CYCLE THROUGH THE AUDY IS INIYIATED

e Ra N ol iel YOO [eEeReNe el 2 ¥aXulalal OO N

11X 11}
AN CALL LETYGC
C txwx%
c
c DU ALL NECESSARY COMPUTATION FOR THF TARGEY
b
C srnte
CALL WUTT ( 1, IPYA,AR AZ JARH ) AZH ARDH  AZDH ATRR,ATI Z,ATRY,
t ATTT o ASRRASZZ o ASRZ¢ASTT )AA 2 AV AP KMINKMN WK INT,
2 JUX)
C *isax
c
c BEFORE GCING TO THF PRNJFCTILE DO ALL PRFPARATINNS NECFSSARY
C
€ steus
JJJ=gMi 2}

00 304 J=1l,J444

RRH(1¢J) = ARHIKINTY,J}

B2H{19Jd) = AZHIKINT,J)

BROH(LsJ) = ARDRIKINT,J)
374 BIOH(1¢J) = AZNDH(KINT W J)

C #ekx«%
c
C NOW DO ALL THE CCMPUTATIONS FCR THE PROJECTILE
¢
C *+hax
K2 = KM{Z)
CALL GUTT { 2,1PTBBR,AL,BRH,BIH,RROH,RINH,BTRR,aT27,AT0],
1 BTYY NSRRI HSZZ ¢ ASRZ4ASTT 434,48V 48P, K2, 2,KMY,
2 JMI2) )
C *nst s
¢
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r

c
§

e

HECR IF IT 1S

tregg

)

L

O N

-

t
2

s

IF ICYCL~-IMAX

TINF T¢ il?

1 377,30,

TR TUICENTBLL2) R UINENT,ZQ0,4)) CALL SSAV

RET RN
N
SULEOQIITINE RSy

IAPLICTY REAL*3 {A-1yN=7,48),

(vt JOCMY/

Cild44 1CCHOY

CIIMMON /CCMY/

w{a6),
Al(2),

S?
A2{2}),

F

AR (24440,
Al (24 gun)
AA (Du,y46),

ATER( 24 b ) o
ATTT{ 2a44nl),
ASPR{24440),
ASTTU24 060)

INTEGER ([-M)

\P’-‘ '2"'“6)0
ATHR (24440),
AV {24,440,
AT224(24444),

AS77124,446),

B2 {any, n)y BRA (95, &),
R ey 4)y RZH (4K, 6),
BA {eny )y BY  (4ne 6)
RTRR(4A, A)y RAT?2146, A),
ATTYLan,y Ay .
REPPL4n, )y AS72(40, 6),
ASTT {40y A)

AR {24,400, TRH (74,46),
¥? 1264600}, TIH (24 44b6),
(ah)e TSRIGA)y TSI{46),

A3(2), A&l 2)y ALFNLDY,

IML2 466)
AMATI2) o AMHLZ),

AR 250 ab)
LYO RPN
AP (24,4K),
ATYRZ2(244445),

ASHT{2%44h),
BRI (46, 6),
RINHL 2ty N}y
P”“on' b"

RTR2 (46, H),
RSRZ(’.h. ‘1'.

TRNH(24440)
TINKE2L,LA)

LPTMS),

AN 2Y

S 8KE2)y CAPEL2)y (DLTL2)y DRE2) 4 DIL2)y PAD(2)y RHL{2), ADLTL2),

o RABG(EZ)e RACTL2),

TaMI(O),

vTE2),

T COQeTRCTHNTHAyCTMING POINT, TYMF,CHEKD,FACTR

1
.

FANE SEERC I

DS o e

&y

l
2

&

£ 6rUSL2)y RHCTL2Y,y TUMIL2),

CJUrALN Z1CEMYLY
CLMMUN 7 1C0M2/

IPTA(24400)
[PTR(GA, A)

Cubih JTCEMI/ ISEDI2 )y UMI2), KM{?),
RN ITT o EDT2 o INENT o EMAX, IPRNT ECVCL o IMAP MTT  KINT o KMN,y K MY

RF T'JRN
ND
SHBRAUT INF SSA

TMPLICHIT REALSA (A=H, D=1, %),

CIMMIN /0CMYY

Cumddh 7CCw2Y/

CUMMEN /CCM3Y/

SR{4k)y, S2
AL(2)e A2(2),
nK{2)y CAPF(2

v

AR (24446,
A7  (24,44h),
AA (%4 44R)

ATRR{24,456),
ATTV (24 446),
ASFRU 24 446)
ASTT{24446)

KMIN,

INTFSER (1-M)

ARH (24 9406)
AIH 124,48),
AV (24446,

AT72(%24,4406),

ASZZ124446)

RQ  {4by Ky HRH (46, &)y

R? l4by 6), RIH (40, 6},

nA lany 6), 13% (b6e b)),

BYER{GEy A)y BTL2l4A,y 6}y

ATTTHLH, A)

BSRR{Gry &)y RASZI{4Ay b)),y

RSYTl &G, G6)

Te {26 4460), TAH (24446),
T? 126446010 TIH (26 445h),
(«b)y, TSR(4k),y TSI(46),
A312)y A&{2) 0 ALEMI2),

Yo CONT(2), DR(LYY,

YTi2),

IM(2448),
AMAT(2) s AMILE2)
J2(21y RADI2Y, RHD(2), RDNT(2),

INUT (2, LVE2)y VCON(2),

ARDH(244640)
AIDH{ 24 446)
AP (24446),
ATRI(24,446),

ASRI(24446),

AROH{46y 6)y
BIDH( 46, 6},
AP(4hy 6)y

ARTR2(4by €)y
BSR7{46y 61}y
TROH{ 244 46) 4
TIOH(260bh )y

1 REPRODUCIBLE

CIMMCiN 21CCwY/

[ETAL?24,446)

40

NO

IPAT(2), ZV(2), VCOUNL?)Y,

SPTMLR),

ENUL? ),

oSt ST
Sl




e

e T

Ty o ereors Tor & Lat
v A 3 & N

NOCOOAOA0 YO

SOOI OO0

[aXaEal

COMMON /ICOM27 [PTB(46, 6}

CCMMON /ICCM3/ [SHP(21e JM(2)e KN(2), KMIO,

L TRUR SOV IDT24IDENT o IMAXs IPRNT e ICYCL ¢ SMAP JNTT oK INT o KMN¢ KMX
RETURN

END

SUBRUUTINE INPTTY
IMPLICIT REAL®S (A-HyO<2o8)y INTEGER {f~-N)
CUMMUN /CCML7 AR (26 46460 ARH (24446), ARDH( 26946 ),

] Al (249403 ALH (24,60), AINHI24,46)
2 AR {2404h), AV {24446), AP (24466),
3 ATRR(24 446}y ATI2{246446) ATRI( 244461}
4 ATTT(24,40),

] ASRP(24 ¢466) 9y AS2L(24446), ASRI(24046),
4 ASTT(24446)

COMMON /CCMZ/ RR {4hy K)y BRH (46, 6}, BROH( 46,y h),y
B2 (4649 6) ¢y BIH (464 6) BINH(464 b)¢
BA (46,4 B)y BV (464 6), BP(46y A)y
BTRR{4hy 6)y BT22l46, A), BTRIU46¢ 6}y
BYTT 46, 6)
ASPR(46¢ AYe AS2L{4G, &) BSRZ (46, 6),
3STT(46 6)
CUPMUN /CCMI/ TR  (24,40)y TRH (24,46), TROH(24,46),
TZ (24446)y TIH (244458), TINH(24¢46),
SR(4b)y SIZ(4b)y TSRU4E)y TSIt46), IM(?2,46), SPTM(S),
AL(2)y A2(2)y A3(2), &4(2), ALEN{2)y AMAT(2), AMI( 2}, ANUI(2),
BK(2) e CAPF(2),y CNOTI2)y DRI2)y DZ(2)s RANDI2Yy RHN(2)e RDNT(2),
RHUG(2)y RHOT(2)y TWMUL2)y YTE2), INDT(2)y 2VL2), VCONL2),
CQeiNTAICTReDTHWOTMINZDTNY o TYME yCHEKD (FACTR
COMMON /ZICCMY7  [PTA{24,40)
CLMMON Z1CCM2/ 1PTR(4A, &)
CCMMON ZICCMI/Z ISHP(2) e IM(2)y KM(2), KMID,
1 IRUN ICT Lo IDT2 ICENT o JMAX, [PRNT  ICYCL o IMAP JNTT KINT ¢KMN  KMY
wCR=2S
lf‘f‘i

o R IR N

NI DN

RFEAD [DENTIFIERS:
IRUN RUN .04 NO

InT1 FONTH-DAY  (E6G, 1103 - ARD WUV)

iore YEAR (EG, 69 «~ FOR 1969)

FACTR : FRACTION CF DIAGNNAL USFF Tu FIND THE TIMF STEP

s e o

L2 1% 1 ]

READ (NCRGICO) TR IDTL,IDT2,FACTR
P hRk

READ CunNTPLl VARIARLFS

[MAX ~ MAXIMUM NO. JF CYCLFS BFFORE PRNBLEM TERMINATION
IPRINT= MAXTPUM N, ufF CYCLES BETWFEN PRINTOUTS

[MAP = MAXIMUM Mls OF CYCLES BFTWEEN GRAPHICAL (UTPYTS
NTT = NCo CF SPECIAL PRINT TIMES

SPTMINTTY) SPECIAL PRINT TIMES [N MICRO-SECONNS

O hE ke
READ (NCRoICL) IMAX IPANT ¢IMAP#NTT

READ (NCR,102) {SPTHMIK]), K=1yNTT)
LA 12N ]

FEAD MATCRIAL PROPERTIES
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W'

ol
4

pid Bt

PRGN

AR

r
o AMAT(2) = MATERIAL NAMF (4 CHARACTERPS MAXIMUM) 3
L ANY{2) = PLISSCH'S RATIU 3
c CAPE(2) - YOUNGES MODULUS - 8SI 3
C RHM(2) - CENSITY -~ GM/CC -
C _YTE2) - TENSILE YIfLD STRENGTH - oS g
C Al=A4(2)~ SPARFS . : g
I - 2 ;
C srsnes g LA _;
00 200 Jsly2.. : 4
RFAD (NCR¢103) AM&T(J).INU(J)'rAPF(JloRHﬂ(JicVYIJ! E:
RFAD (NCRy174&) ll(‘.“t‘A,‘J’v"‘JhA‘o(J, 3
¢ ®drugs - %
§ ‘ q
£ FFAD GFUMETRIC PkﬁpeatrFs 3
i v ISHP(2) = SHAPF FACTAR 3
3 ¢ BODY 1 (TARGET) = 1 +ROD #
b 4 7 JPLATE 3
5 c ALY 2 (PRLJFCTILE)=1 ,PGD k
¥ C 2 +PLATE A
- r ROUT(2) - INITTAL VFLECITY IN R DIRECTION - FT/SEC ES
i f DUT(2) = INITIAL VELOCATY IN 7 GIRFCTION - FT/SEC R
o c JME2) = AQ. OF GELLS N R DIRECTION 3
o ¢ KM02) = Mo UF CELLS Tw Z DIRECTION %
b c ORU2) = SIIF GF CELLS IN R NIRECTION - INCH 3
& ¢ N71(2) -« S176 CF CELLS IN 2 OIRECTION = INCH 4
. [ g
4 309 READ (NCRZIDS) ISHP(IT,ROOTUIIeZPNTLS) o IMIJY G KM J) DRI D2 S) :«
- 1% FUPMAT (2110,F17,5) :
k: 150 FIRMAT (4['™) §
A 172 FIRMAT (8FIC.N i
i 173 FURMAT (€XyA4,4F10.0) i
4 104 FURMAT (4F10.0) 3
4 195 FURMAT (T1Ce2F17 47 21102F17 ) 3
9 RET N e
g END 4
E SUSKJUTINE INITT E:
4 C haxnta et
ﬁg £ TRIS SUARLLTINE ORTPARFS THE [wPUT NATA FuR PRINTING AND SURSEQ'IFNT .
C HSF
: c 1
E:  oxerex a
3 IMPLIC!TT REAL*R (A=He0=2y8),y INTEGFR (]-N) 4
‘7 CUMAUN ZCLML7 AR (244486)y ARH (24,4h), ARNH{ 2464 66) 4 :
4 1 A7 (26 445), AlH {24440) ATNH{ 244456}y $
3 ? M 124446), AV (2444b), AP {24,46), A
i 3 ATOPR{24 4,461y AT220244661), ATRI(2644h), 18
ki , ATTT(24 446) 4
7 Y ASER(246 4460y ASIZ{2494A), A5R7(24046), 4
& ASTT{ 24 446) 9
E: CIMMUN 7€CM2/ AR (4b, A), RAH (46, )y  RRDM(G4AH, &),
3 1 R7 (6by 6)y RIH {664 6)e  AINH{GGLY &)y p
3 z QA Th3, 6), BY (4by 6)y BPLG6, &),
? BTRR{4hy &), AT22{43s 4A)o RIL2{4by b
& ATTTL4R, A
4 RSRR{&4b, b)Yy, B322(86, hly  RSRI{46, 6),
< HSTTL4A , A)
- COMMIIN ZCCM3/7 TR 124,6R), TN {24,646},  TANH(24,4h),
3 1 T7 124,660, T2H (2444A), TINH(24466)
o

Cale
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RERS

- - k1 P I N weos IR & T AN G Aa a * .

&

Sttt

. 4 ' s R y !
e S St e i i e L
- 3 s ot e
£ T o etk TR e TN

<

2 SRU4E)s S2046)s- TSRL4ndy TSZL4bYy -IMIP446), SPTHIS), 13
4 AVU2)y A2020y AV(2)y A&02)5 ALEN(Z), AMAT(2)y -AMII(2)y, ANI )y ¥
5 BK(2¥s CAPEA2)y CNUT(2) v DR(2) 4 DI{2)4 RADT2)y RWD{2)y ROBTIZIY .
6 ‘RHOG (2 )y -RHOTU7 Y5 TWMUL2Y, YT(2§, ZDOT(2), 2V(2), VCON(2), b

7 CQeDTNALTFiDTHR o P THIN S ZNINT 4 TY ME iCHFKD (FAGTR ] 13
COMMON /1COML7  IPTAL24,46) - ¥
COMMON Z1CCM2/ 1PTR(46, &) : Ce
CLAMUN 2CCM3/ TSHD (21 e JMI23 5 KM2), KMTD; 3

1 IRUN, ICT1,-IBT2, IDENT ,IMAX, [PRNT, ICYCL , IMAP ;NTT, KINT. KMNy,KMX E
ng 301 Jzly2 3
RHUu{J)= RECLY): ‘

CHO(J) = 943564320=05 * RHO(I) k-
LG owrer “t
y L ) |
CONOW RBOu LS IN (GM/CG) 1
c PHY IS IN (LB-SFC27ING) 5
¢ . ,
G ok

AMUCJ) = (CAPE(J)*C,5) /(L O+ ANL(J) ) .

i AR = CAPE(Y1/U30%(1,0-2.0%ARU(I1 Y ) g R
COUTIJISNSCRT((PK(J)N 44 S*AMI( L)/ 3,7 )/RHUIJ) 1=l CO-T6 (
VCON(J)E CONTLI) /1, 2005 B

€ #$anékx - 1R
c o "
C UNITS: AMU4BK ARE IN (PSI) §
e COCT IS IN ({INCHSS OFP M[CRUSEL.) i
G VCCN IS IN (FZET PER 'SFC)
- :
c m_':tvm i
AUENLDY) = CZUJ) * XM(J) i
RADGIL = TP & JM(y) {1
C 1 LY 3
¢ NGw CHANGCE UM AND KM T STAND FOR NU OF GOIN ROWS AND CUL PANS .
G INSTEAD 2F (0 UF 10 CFLLS 2
C #23xe ’
JNUIY = gMlIR ¥ L

KAlLJ) = KMLJ) ¢ 1
VLYY = IpCTrY)

T () = 12,0006 & 2COT () ,
C *xr¥y ¢
C UNLTS: IV IS IN (FI/SFC)
c LCCT IS 1 [ INCH PFR MICRCSEC) A3
C #xdix% 1
C
¢
€ NFXT CUMPUTE VALUES EFR TINMF STEP IN M[CROSEC
-

ITHA =FACTREGSORT(NR(JI®*2 ¢ T2 Jinel), 4 COITIJ])
PRy
IF (Jd-11) 3CG,309,3]
367 DIH=DTHW
Ny CONTINUE
e Axe ax

Ca SELELT THE SMALLFRE NF DTH £ DTHW TN B Tuf TIME STEO
ook Ry
IR (OTR-CTHR) 103,303,302
"2 DIH=DThY
N3 pIMIY = /CTH = 0.1
KiwnT KN 1)
KMo KINT + 1

Aam D oS

n

o
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7

[ Y'Y 3

{--

4

sl Yalalb!

RIS EaNe el

VDA O

-1

i

> g

LA
he |
$

~—

S R S

4T e B

1

&y &y
wR1
LR R Ty
"R
RS

LIRS 2

LELE X3

Wl

TRy

srar

CLMAJTE THE INTFRFACE VELOCITY

E*

ATz (INOTLL =R L I*NI0TILY & ZONTE2)%RHM2)SCHITER ) )/ EPhiit ) e

COCTLLY & i) eCnuT 2Y)

RFTURN o

ENDY

SUBRJUT INE INWRE ‘

IAPLICTTY RFAL®R (A=y =748}y INTEGER (T-N)

COMMON JON#L/7 AR (d4.at)y  AFH (279,40), ARNH( V6 440)
47 {2 ab)e ALH (2%448), ALDHE 244 46),
AR {24 46A) e AV (24 40b6) AP (P4445),
ATPR (24,4619 AT27(26446), ATRI (24 ,44K),
ATIY (24 44h),
ASRR{24,40) ¢y AS27(24466), ASA? (244D},
ASTY 176 ,4b) .

COMAIN JCC¥Z7 A (4hy B)y HRH (%89 ) BRNH( 40y 6),

RI (4hy A)y RBIH L4hy &) RINHlLAhe A)o
Hy laby 6)y WV (4hy 6) AP {4ty F)y
HYRE (4, 0y DTL2{4h, 610 RTIRY (44, 43,
ATTTlan,y 60
BSPR{wny &)y 3S77(40y 6) BERZ(shy AH)y
8TY( 46, 6)
CIMMUN /CLP37 TR (2% 405y TR (24446) TP 24,446),
T2 {(Pasanty T (244,406), TINH(24,40),
SRIGb), SLlées)y TSR(aA)y TS7(46)e IM(D9eh)y, SPTM(R),
ALE2) e A2(2)0 A3L2)s AG(2)y ALENI2)y AMATI?2)y A40(2) ANII(D),
BK{2)y CAPE{2)y CICT 2}y DRI2), DILZ),y RAD(2), RHOL2), NNATILZ),
RitIGE2) e RHCT(2) s TWNMH2)y YTU2)y 2ZDUT(2)e 2VI2)y YOUNIDY ),
CRIDTNGCTEIDTRWy PTMINGZDINT,, TYUF JCHEKD oF ACTR
CCMMCN /ICrML/  IPTA(24,44)
COMMON ZI1CCM27 19TA(46e b}

CCMAUN ZICCMAZ [SHDI2), UM(2), KMi2)Y, KM,
[RINGIDTLGINT2 4 INENT fIMAX g IPRNT o ICYCL o IMAP ¢ NT T oK INT ¢ K Mine KMY

NPR26

%

Te PRIALFY INENTIFICATIGN

&
WRITE (NPRy2CCY JRUNGINTL,INT2, INENT

*% “ ‘ “g?
TE MATFRIAL PRUPFPTIES

L3 3

WRITE (NPRYPM ) AMATLL I AMAT(2) 4 RHUGIL D yPHUGE?) (RM( (T o ML)
WRITE (APRY20?2) AN ) g AN'TI{2 ) sCAPELT ) o CAPFI2) o AM{ 1) o AN 2)
ARTTE (HPRW2CT) BKIL) oBKI2) oCNOTLIL) oCDAT(2) o VCONIT Y W VCOIN(2 )
ARITL INPRL,206) YTEL),YTL2), 01 1),A0L2)

L 4]

MFTRIC PPUPERTIES

"t
wlETE (NPRG2PS) ALEN(Y) o ALEN{2) 9 RADIL) ¢ RADI2)9IR{T ) 4DR(2)
WRITE (NPRy2NE) DZL1)4DTE2) KM ) KMI2) UML), M2}

WITE (NFRL,207) RDAT( 1) GRONT (2}, 200T( 1) ZDATI),2VIL) o 2VI2)

® ¥
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K, B3
!

ta

¢ “CCNTROL DATA
it 3

Cowddiae - o
" WRITE (NPR§208) FACTRy IMAX ) IMAPy [PRNTHNTT
. MRIYE-.(NPR,209) (SPTMIKKT) (KKT=1;NTT)

C $sunu. ’ ’ i .
c =
-C. FCRMATS
¢ _

C sesay ) . - o )
20“‘ZFDRHATkalt.?OX.'THO-D*LAQ&@AGI@N‘COMPQTATIQN'./.?LX.'RUNS NO 7,
S 14t LATE = 4,144, 1971210, 'RESUME CODE Y14y
S o 7177440X 5 UNIYS? 429X o RAGY Af;1ax,.
'S 980DY BY;//) : ] o
FORMAT (2X ¢4 MATERTAL PRUPERTIES €47/ 95Xy tHATERTAL 563X Ad 116X 44,
s //.§X{!CENSIT¥~fRHQ)’g?ZXy?GF/GC',{SX.Zpgnlégéwéﬁxw'LB?SEQZ/LN&'y

.
AR U TG M o s o g by

201

“

S 9X42C20.64/) ) :
FORMAT- (5X921HPOISSON'S RATIC (ANU., 34X12020.6¢/7 45X 42 2HYOUNG'S M
SODULUS (CAPE) ¢ 13X, 'PST 1 17Xy 202046, //4 5Ky R 1G I DI TY MODULUS (AMU) S,
S T3KeIPSI1TX,202C56,/) B )

FORMAY (X, *BULK MUDULUS (B4 18Xy 'PSI 17Xy 2D204 647/ ,5X,

S 'SOUNC SPEER (CDOT) 'y 17Xy “IN/MICRO-SEC 1.4 8X,

S 2D2C564 /¢ 40X, 'FT/SECY,

S 14Xy2D20.64 /) » =

FORMAY (5Xy'YIELD STRENGTH (YT)!.lbx,!ES]”n$TX9ZDZﬁ,6oL
. 5X¢ ' SHEAR STRENGTH«(ST)'116X¢995[&11*&,20?0;6//!
X 205 ‘FORMAT. (2X9 'GECMETRIC PROPFRTIES'p//.SX,'LENGTH“({@EN)"ZZXy(INCH'
AN S fle.?D?ﬂ.é.//ySX!'RADIUS\(RAD)‘r23X3£KNCH'yleWZD?O.br//,SXi
A S 'DR’133X.'INCHL,lbx'ZDZO.b,/) .

A 206  FQRMAT (sx.'nz',aax.ﬁxncn'.géx.zozo.b,//.sx,'sgxn POINTS “Z (KM},
g S 37X42120 +//45%, 'GRID POINTS RO(JMI4437X,2020 ,/)

FURMAT JﬁX;JBOCdeBFX"FPYSFC",I4XTZDZO}%wIY}SX,‘ZDOTJ'ang
S fIN/MICRO?SEC'.8X,2020.6,/140X"FFISEC',lhxf?ﬁ?o.bylﬁ/JZX.
T s 'CONTRCL CATA', /). ‘ ) )
e 208 FORMAT ('CteaXy*TIME STEP FAQTOR‘W!BX}FIO.S/ISX{'M@x NO OF CYCLES!
L 418X, 110/7/5%, 'HAP FREQUENCY*y 21Xy 110//5X,'PRINT FREQUENCY' 19X,

202

203

WG e s

204

T, o

s

" NS ’f \ZC’-’.

DU LS W e

COMMON /CCM3/

NI —

SRU46Y, S2

BA (46, o),
BTRR(46, &),
BYTT{46, 6),
ASRR {46, o),
9STTH46, 6)

TR (24 ,46),
T (24 ,65),
(46),

TSR 46,

BV  {4by &),
BTZZ(45y 6),

BSLZL46, 6) 5

TRH (24446),
TIH (24446},

45

BP (46, b)),
BTR2(46, &),

BSRZ(46, 61},

TROH( 2441466 )y
TLOH{24 446 ),

TSI(46)y ZM(2,46), SPTM(S),

e 2 110//5X4'NO° OF SPECIAL PRINTS ' 414X, 110//5X3 ' SPECTAL PRINT T(MFS
b £ 3 IN. MICRC-SEC',5X)
e 209 ‘FORMAT ' (5F15.5)
x § RETURN
A END ,
SUBROUTINE GRIRD
7 IMPLICLT REAL¥8 (-A~Hy(G=248)y INTEGER (I=N) ,
E °f ‘COMMON' /CCM1/ AR (24446), ARH {24,46), *ARDH( 244 46)
3 1 AL (2443461, AZH (24,46),  AZDH(24,46),
2 Ad 1244460, AV (24446)0 AP (264,46),
) 3 ATPRU24+446) ) ATIZ(24446)y  ATRI(24,46),
4 ATTT(24 4401 ,
5 ASRR(24,46) y ASZ2(24,46)¢  ASRZ{24,46),
6 . ASTT(24 446)
CUMMON. /CCM2/ -8R (46, 614 BRH (4by 6)+  BRDH(4AK, 61,
BL (46, 6), BIH {46y 6)y BZOHI46, 6),




e XaEskasEalalelalaNe]

OO

LT3 ]

{=

e

an
13 ]

N

*xe

1777

in2
3n3

4 AL(230 A2(2)¢ A3U2) 0 AGEZ) . ALFNE2)y AMAT(2)y AMU{2)e ANU(?),
S BK{2)s CAPE(2)y CDOT{2}y UR(2)s N2UI21, RAND(P}, PHUL2), RODT(2),
6 RANGL2)Yy BHOT{2), TWMI(2], YT(2)y 200¥12)¢ IVI2), VCNN{?),

T CQeNTNeCTHoOTHReNTMINIDINT s TYMFE yCHEKNFACTR

COMMON Z71CCMY/  IPTA( 24,46}

COMMON JICCM2/ 1PTRI66, 6

CUMMON JICCM3/ JSHP(2 )y JM(2}y KML2) KM N,

] IRUNGICTL IDT2, INENT g IMAX, IPRNTLICYCL o IMAP JNTT KINTKUN, kMY
DIMENSICN AREA(Z2), ARKHCI2)

NPR=o

Ny 300 [=1,2

1 1]

1 I3 TrE TARGETY
2 1S THE PRUCJECTILE

AREA IS THE INITIAL AREA OF FACH CELL IN SQUARF INCHES

£RHU IS THF PRLCUCT AREA * DENSITY IN (LR=MICRNSEC-2/Th~2)
RHUT 1S CNE-THIRD RHO IN LB MICROSEC INCH UNITS

TwMl) 1S TWICF THF RIGIDITY MONUILUS AMY,

e

AREA(1)s CRII) * DZ(1)

ARHO ()= AREA(1) & RHC(D) * 1,0D12
RHOT(1)= RFO(1)/3,0D=12

TWMU(L )= 2,0 » AMU(T)

CONT INUF
*e

UW WRID IS CREATED FUR BODY 1 -

ty
ICUR
JyJ Jr(l)

JJ2 Ju(2)

KKK = KM{L)

CO 7777 Ks] KKK

N0 TTTT Jsleddd

IPTA{K,J)=0

NU 326 K=],KKK

RCUR = C.M d
0N 325 Jsl,d4J

AR (KoJ) = RCUP

Al (Kyd} ICUR

ARH (K¢J) RCUR

AlH (KoJ) ICUR

ARDH(K yJ} RDCT{(L)

AZDH(K,J) 1007(1)

IF (J=1) 304,37%,302

IF (K=1) 314,374,303

AA(K, JI=AREA(L)

AV(KyJ)s1,C

AP (Ko J =l

ATRR(K.J)‘0.0

AT22(K4+J)=0.0

ATRI(XyJ )=,

ATTT(KyJ}=Co0

ASRR{KeJ)2l,r

ASZZ(K4J)=0,0

ASRZIKyJ)20."

ASTT(KyJ)=Cont

.
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L2 2
NUA THE PCINT CONDITINN CODE IS NETERYMINFND
Frke g
L% B ¥
BCINT COWDEITICN COnFs: ]
/
& (o /
rttat*aatﬁtnt#ttttt#tt*#att 7
% %/
* n/
* * Q
» LI
* ./ [t 8
. REGIUON 1 EEREENRESRED U R K SNk hep
SARY * *
” * RFGION 2 ¥
L 11 ”
* z ® ] *7
* 1 = 1 L]
» ® ’
AR]S ------nnttt#nt***t*tﬂt*tttttw#i&?tttttﬁt**vutrﬁutrtt .......
2 ? 13 2 “
UL vt

VIAIP (J=1) e, rg, 0
"8 IF (K=)) 306, 30,1307
Ik Ip=ey

e TU B B 1)
LT IR (KexKK} 309,108, 3n8
e e = 13

&ZOH(K.J)=ZPlAT

N 19 324
fre fpxy

GO T 324
YIC (Ke1) MMl 114310
AL (I O BN E I, 312,12
He (P 2 p

U T 324
1Y [p o2

IﬂT\(K#loJ’=1?

wi T 374
3l Ik (K=K ) 3214318, 315
HE (F (J=-344) 2743164316
'y IF IRRRENNES e, 87, a19
7 p=1y

AINK(K s JISIDINT

B Ty 324
RLFE [P=4

b N 324
TR (g=gy2) 119,214,140~
My Pz 9

ALDH{K 3 JY=IPINT

N3 T 324
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25

4 e e = 11

A AZDH{K»J)sININT

l"‘ : 60 TU 324

L 3120 1P = 7

g : G0 T0 324

& ! 321 IF (J-JgJ) 323,322,322
g - ) 322 1P = 10

5 § G0 TO 324

N 3123 1P = 1

g 376 IF (IPTAULK9J}LFCoN) (PTA(KyJI=IP

RCUR = RCUR + PR{1}
326 CONTINUF -
: WRITE (NPRTPEN) Ko lIPTA(K KK )y KK=YodJJ}
¢ 2CHR = ICUR ¢ £7(1) .
5 324 CUNTIKUE
C“t‘a‘ .
i C NOW CUMPUTE CELL PSFUDO~VASS 2M
i CoIRT kX
‘ g 42" Jgx 2,13
% TEMP=AP (] ¢J)

- 4t IM(Led) sARHO(L)I*{TEMP  =0,5%DR{]}]}
- & § C *hens .

c

= c NOW GRID FCR BODY 2 IS CREATED
; C
C

. g RN K
gk . ICUR = ICUR - DZ(I)
k. KKK = KM{2)
S JJJ = JNLE2)
- D0 349 K=14KKK
\E RCUR 20,0
30 . DU 348 J=1y4JJ
5. SR {KeJ) RCUR
g 082 {(Ked) 2CuR
HBRA (Ked) RCUR
10 (K yJ) eup
3 : BRNDH{K o J) ROLTI2)
: B2OH(K,J) WnnT?)
IF (J=1) 331,337,328
129 [F (K=1) 231,337,329
329 DAIK,J)=ARFAL2)
AVIKy ) = 1,0
RO(KyJ =l ,r
BTRR(KyJ) 200
LKy J)=r, 0
ATRI(KJ ) =N A
RTTT{KkyJ)al 0}
BSRR Ky J)=r,r
DS22(K4J)=0,0

<

Zappan|

H ow W o H

AN IR b b e
Y T T S R AL R e

A RSRZIKyJ)2C,N
i RSTT(KyJ)=Cort
': r sx%kxsk
i C NCW THF PCINY CONDITINAN CONE IS NETERMINED
A C AR AN %
k- 31 IR (=10 271,331,314
3 1Y (F (K~1) 222,237,731
: 12 1P = 13
BIDH(K o) =2RINT
GO TO 347

321 IF (K=MKK) 335,234,334

T <t
SRRRTLRN 22 Rt S R RS
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334 [P = 4
60 Y0 347 .
335 tp s 2 =
GO TO 347 -
336 IF (K=<1) 327,3374340C
137 IF {J=dtJ) 230,238,338
338 [F {JJI=J%(1}) R46N 839,890
336 [P=}d
BZDH{K 9 d)=FDINT
Gu Ty 347
84r IP20
BIOHI Ko J P20 INT
o0 TO 347
z 339 [p=ll
i3 BZOH{K ¢ J)=2DINT
o 60 Ty 347
@, 360 IF (K~KKK} 344,341,241
H
g

: Yol IF (J=J35) 34343424342

k- %2 1P = A

# GU T 147

i 142 [P 2 7

¥ G0 TO 347

3 344 IF (J=JJJ) 34643454345

i 245 1P =10

& GO TO 347
% b 1P =1
E: 347 IPTBIKJ)=1P
e RCUR = RCUR +DRI(2)
k. 349 CONTINUE
k- WRITE (NPRy7D0Y) Ky ( [PTBIK,KK) JKK=Y 9 JJJ)
H ZCUR = ICUR +L2(2)

- 349 CUNTINUE

e LI

NOW COMPUTE CELL PSEUDU-MASS 7M
SRRkE

N 401 Je244d4

A TEMP2BR(1,J)
b 401 IM(24J) 3 ARHU(2) % (TEMP =N SxDR(2))

5
aaon

(211 2]

INITIALISE CYCLE COUNTFRy TIME, TIME STEPSyWAVF BOUNDARIFS

.

32
AN

LI E L X
2 1ICYCL =N
3 TYME =C
4 “DTN =DTH
OTHA =DTH
KMN =K KT =3
KMX = 4
JHX = JM(2) + 2
IF (JMXGTUMI1)) JMX=J4( 1)
7000 FORMAT (*C*,2016}
RETURN
END
SUBROUTINE LETGC
IMPLICIT REAL#®R (A~HyC=~Z9$)y INTFGTR ([-N}
COMMON /CCM1/ AR (24,46}, ARH (24,46}, ARDH{ 24446} »
AL (2444A) ¢ AZH (24 446), AZDH{24 466}
AA (244046), AV (24446), AP (24,44),
ATRR(24 44K )y ATZ2124,46), ATR2 124 44K},

AT AN

- A
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aotaihindm St

T F R e
PR AR
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ST Y3 SN

by

i,

et Torimieact it

i AR O Y A DS xe N

PR

[aXaXaXsXKel

OO

ATTT{24 440Y
ASPR(2% ¢4h)y ASL21244461) ASRY{(26446)
ASTT (24 946}
COMMON 7CCPF27 RAR (462 6)y ARH (46 H)2 BRNML 46 Ao
BT (469 6)9 BIH {40y )y RINHIGH, by
BA (%6¢ &)y BV (&5, 6}y A {46y O}y
ATRR{46¢ 6)y BTLL{464 6) ATRI(40y &)
ATTT(4b,y o)y
ASRA{L6¢ 6) ¢ RSTLU464 6 RSPZ (450 A
BSITL46 ¢ 6)
COMMON /CCM3/ TR (24,45)y TYRH (24448)y TRNHE 2oy 06y
i T2 (2644614 TIH (24446), TINH 24 e6b)y
? SR{4t)y S2t46)y TSRL4AH), TSZ{4bly IM{2440} SPTA(S),
4 AL(2) s A202), B3(2), AG(2)s ALEN(Y)y AMAT( 239 AIJC2) e ANINHDY,
5 BK{2)s CAPE{2)- COOT(2) s DRIZYy DI(2), RAD(2)e PHOLZ )y RIDTID Y,
b6 RHOGL2)s RHOT(2), THMUT2), YTI2), IDDTL2), IVL2), VOONI2),
7 CQQQTNQOYN.“THE.DT"Ih'lDlNTQTVﬂE¢CHEKnoFACTR
COMMON 7 JCCM1/  TPTA(24,4b)
COMMON /I1CCM2/7 1PTRILGy &)
COMMNN ZECO¥2/ ISHPI2)y JMI2)e KM{2) KMIDy
1 lRHN.lCYlolOTzoIDENTolNAX'lPRNT'lCVCLo1HAP.NTT'K1NT'KMN;KMX
JJd=JM(2)
00 350 J=1,0JJ4
AR(KMID ; J)=BRE2,8)
ARH (KMID2J)=BRH (244}
ARDH{XKMIC,J)=RPDHI2,4)
Al (XMIC23)sRl (24J)
Al (KHMIDsJISBIH (244)
AZOMIKMIC 4 J)=BIDH{24J)
ATRROXKMID 3 J)2RTPR(2,4)
AT22(KMIC J)=2BTI2(24J)
ATRZIKMIC 3 J)=BYR2(D44)
ATTTIKNIDJ)IBBTTTI2,4J)
ASRRE{RMID,J32BSRR(24))
ASZZIRMIC 1 J)2%BS22(249)
ASRZC(KMID+JISASRL(?4J)
ASTTL(KPICsJIaBSTT(2,4J)
AN (RNID J)sBA (240}
AV (KKICod)aBV  {24J)

>

TNE NN

350 AP (KMIC,J)=BP  (2,J)
L2 2 24

FIND THE SWEEP BCUNCARILS

L1 2 2

IF (2Z0OT(1)) 300,301,300

ICH KN 2

JMXsJM{1}
GO YO 3r3

301 IF [KMN-1) 303,303,302
302 KMN =KPR-l

303 IF (J¥X=JM(1)) 20443054375
304 JRX = JHX +1

308 1F (KMX-KN(2)) 306.307,307
IPE KX & KMX +1

L2 14

CHECK IF TRE TIME STEP HAS ATROPHIED BELOW THE ACCEPYABLF
LIMIY CF 10 PERCENT NF INITIAL YIME STEP
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C s
3CT7 IF (DTHW=-DTHIN} 308,309,300
3T IMAX = JCYCL ¢ 1

GO 10 310
seax

N Nel/2
FIND NEXY DELY ARD NELT

YOO O

132
37 DTN = (NTH4NTHW) /2.9
DTH = CTHW'

. CHEKD=CTHw
EL 1

INCREMFAT THE CYCLE CCUNTER AND THF TIMFE VALUE

OO0

b2 2 ]

3 ICYCL = ICYCL +1
TYME s TYMf +CTh
QAETURN
FE END
1] SQBROUTI&E “HOV(IsyDELZQDELZHQ KLST,KFND, JM2)
INPLIC[T’REAL*R (A=HyC=2,8), INTEGER {1-M)
COMMON /CCMY/ AR {24 446) ¢ ARH (24446), ARDH{ 24445 ),
A7 (24,46), AZH {24446}, AINHI24,446),
AA (24446), AV (24 446), AP {24,44),
ATPR(74,406), ATI2(24406), ATR2 (24,46,
ATTT(24 44h ),
ASRR(26 446) , AS22(24446), ASR2124446),
ASTT(24,46)
CaMdui /CCNM2/ BR (464 A)y BRH (46, 6 BROHI46, b))y
87 (4o, oy B2H (46, o), AIDH(46, ),
BA (4h,y 6), ARV (464 6), RP(4h, &),
ATRR (40, 6}, ATL2t4b, b)), BYRZi46, #),
ATYT{46, &),
RSRRU44Hy 6}, R8Z2(404 6), RSR7Z{4by 6),
H3TT{46, 6}
CUMMUN /CCK3/7 TO 126 446)y TRH (24446, TRONH(24446),
2 SP{4n)y S2(46}, TSR{45), TSZ{44), IM(24461, 5PTM(S),
© AL(2) 0y A2(2), M3L2), AGl2) s ALFNI2Y, AMAT(2) e AMIL2), aNiI(D),
5 B8K(2), CAPE(2), CDCY L2y, NR(2), M2y RADC2Y, RNO(DY, RDOTI2Y,
£ RHUG(2), RHLTI(?), TWNUL2),y YTL2), INUT(2)y 2viyy, VEUN( D),
7 CQ.OTN.DTPqDTHN,DTMlN.ZDINT.TVME'CHFKD,FACT"
CamMan ziccmly [PTA(244406)
CCMMON /)CCM27 1PTB(46, &)

PR O T R
O ! W N e

T NN e

-
-
~

COMMUN 71CCM3/ ISkP2), JMI2), KM(2), KMIn,
1 !RUN.IDTIc!OTZvYDFNT'IHAX'IﬂkNT'ICYCloIMApuN'TvK!vaKMNoKrX
KSTRT=KLST+)

N0 300 K=KSTRT,kEND
Su 300 J=1,.902
RE(KyJI=BZIK,J) « DELZ
U RIHEK ) = BIH(K,J) CELIH
RETURN
END
SUBROUTINE FRAC (KK.SPS.[PY.KUX.R.Z'RH'ZH.RHH.ZDH,TRR.TI?.YPI.TTY.
i SRRSI29SRZ4STTIP,JLST)
IMPLICIT REAL#*3 (8-H,0~248), INTFGER t1-N)
DIMFNSTCA [PTOKUX, L},
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3

B ey ke AT

g, e iy

o ke an

300

1 RIKUXgL)e ZIKUXGL) o RH{KUX 1)y ZH{XKUXeL)y ROHIKUX,1),
2 7OHIKLXs1)y TRRUKUX91)y TZZ(KUXelly TRE(KUXelly TTT(KHXe1l)y
3 SRRIKUXe1l, SZZIKUXplls SRIIKUXe1)e STT(KUX,1), PIKIX,1)
COMMOKR /CCM3/ TR 124 4hb) 9 TAH (244461 TRNHE 264 46) 4
T? (24 446) s TIH (24446), TIOH(244461),
SRE46)y SIla6), TSR{LE)y TSI46)e 1IMiI2446)y SPTHLIS),

ALE2)y A2(2)y A(2)y AGLI2), ALEN(2) e AMAT{Z2), AMII(2)y ANUI2),
BK(2)y CAPEL2), CNOTI2}, DRUZ), DULZ), RANI2),y RHN(Z2), RDOT(2},
RHUGI2) e RHLY(2)y TWMUI2) s YTI2)y 20UT(2}: 2ZVIZ)s VCON{2),
COsDTNLCTHeNTHW DTMINGIDINT, TYME ,CHEKD yFACTR
COMNON J1CCP3/ ISHPI2)y JM(2), KM{2) KMIN,
1 [RdelC'lolDTZ'!DENTOIHAXQI’RNTQICYCLQlMAPeNTTvKlNYoKﬂN;KMX
NPR=6

KCOL=KK

IF (KCRLLEC.1) RETURN

D0 302 J=2.JL57

SHR=TRZ{KKeJ}

IF (DABS{SHR)I=SKS) 372,300,300

1P = [PTIKK,J)

JMl=g-1

JPl=zJel

IPLaIPT(KKJHN])

IF LU0IPeGT 12} JAND(IPLT o205} sOR(EIPLLGY13) JANDLIPLLLT20)))
1 60 T 302

ARITE (NPRLCN) KKoJ

~N >N &N e

100 FURMAT (1h0, *#%% SHFAR FRACTURE ##8% AT Kz?,[5,5Xe%J2%415/)

TR (KCLLyd )} = R (KKl )
TZ (KCCLeJd ) = 7 (KK4d 3
TRH (KCECLed ) = RH (KKoyd )
TIH (KCCLed ) = IH (KKed )
TRDOHIKCLLed ) = PDH(KK,d )
TINH(KCCLYd ) = LDH{KKYd )

IF (IP.EC.C) GO TO 9
[F {IP.EC.1) GO T 1
IF (IP.FCeT) GC TC 7
GU 1O N2

7 IPT{KK,yJ) = 14

IPTIKKJP1) =21
6J 1O 330

1 IPT(KK,J) =18

IPT(KKsJP1)=22
G0 10 33¢C

T IPTIKKyJ) 216

IPT(KKyJP1)=22

337 CUNTINUF

DO 300T [1=21l42
NAERTZRED!

KM] 2KK=~1

KMINL=KM]

JM1=290-1
TRRASTRR(KKy J.J}
TZIW=TIZ{KKyJJ}
TRIWsTRZ(KK,JJ)
TTTu=TTT{KK,JJ)
IP=IPTIKK,JJ}
Rl=TR(KK¢JJ)
N=TL{KKyJJ}
[PLEF=TPT{KK=1,J4J}
IF ((IPLEF.GTL M) LARDG(IPLFF.LT27)) 50 70 51M™)
50 TO 51¢C2
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SINY 22=TL{KK=1eJJ)
RZ=TR(KK~1,3J)
Gu Ty 51C3
5102 1232iKkK=1,444)
R2=R(KK=1,J4)
5873 CONTINLE
IPR=IPT{KMLl,JM1}
IF (UIPR.GTLIZILANDLIIPR,LT,L272)F GJ TU 5019
G0 YO 5018
S0LS 23 = TZ(KMINL,JV1)
R3 = TR(KNINI,J¥L)
GU T SnzA
5018 I3=2{KM} JM1}
R3I=R{KML,JMY)
5020 [PR=IPT{KK,J¥])
1F ((IPRLGTLIIILANDLLIPR LT, 2M)) G TO 6021
ol T3 5022
021 14=TL{KKyJJ=1)
R4=TR{KKeJJ=1)
3 TU 5623
$)27 Z4=L{KKyJMl)
R4zR(KKoJMY)
5723 CONTINUF
CALL FRFESL (1 ¢R19719R2922¢R397Z34RGyZ4sTRRWyTZIWeTRZW,TTTW,SRAU,
19522WsSR Iy STTW KK 1P, PW)
TRR{XK¢JJ)=TRAW
T2Z(KRKyJI)=T22ZA
TRZ(KKyJJI=TRIW
TTVIKK¢JJ)=TTTY
P{KKyJJ)=Ph
SRR{KKyJJ)=SRRW
SZZIKKJJI=S2LA
SRZIKK 4 JJ)=SP2A
STT{KK,JJ)=2STTAH
30¢" CONT INUE
302 CONTINUF
RETURN
FND
SUBROUTINE FRACTN (TRAGTZZyTRZyTTT oK oKX gRyZyRHyZHsROHZDH Sy
LTSTR9SRR ¢SIZySR7STTHP,4IPT)
IAPLICIT REAL*8 (A=-HyN=2, %)y INTFGFR ([~M)
DIMENSICA IPT{KUXyl)y
H R{KUXg 1)y ZUKUXyl2y RHIKNHXg1)y ZHEK'IXp1) e RDHIKYX,1)y
& IDH{KALX ¢1) 0 TRR(KNIXp 1)y TZZ2UKYXe1)y TRZIXKUXy )y TTTIKIXy1)
T OSRR{KUX»l)y SZZIKIUXel)s SRIUKUXe1)y STTUKUX,1), O{KUX,')
COMMNN /CCV3/7 TR [244946)y TRH (244046), TROH( 24,44A),

3 Y7 (2440460 TIH (24446), T2l 244401,
2 SR(46)y SIlab), TSR{4b6), TSL(46), IMI2,46), SPTM(5),
4 AL(2)y A2(2) 0 AXM(2)y AG(D)y ALFENI? )y AMAT(2), AMUL2Y, ANULD)Y,
& BKIUZYe CAPFI2)y CDOT(2)y NR(2)y NZ(21)y PAD(?), RHU(2)}, ROUTI?},
6 RHOG(2)e RECT(2), TwM(2), YT(2), INOT(2)y ZV{ 2}y VOCON(?),
TCRIDTINGCTHNTHAGDTMINGZNINT o TYME o CHEKD 4 FACTR

NPR=6

KPl=K+1

NU 3MC J=2,01

STR=TRP {K4J)

STZ=TZ7(Kd)

STRZ=TR7Z(KyJ}

FCON=0.5¢({STR+ST2)
TLUN22 5% (ST?2=-5TR)




IF (DABS(TCONY) 430,430,429

429 SBC=STRZ/TCCN
PHl=CATAN(SBC)
GO T 431

439 PHI=0,C

431 ALPHA=DSIN(PHI)
BETA=NCCE(PH])
TIIP=ECCA+TCON®BETA +STRZ*ALPHA
TRRP==TZIP+STZ+STR
PHI=90.00PHI/3,1415928
IF (Y27P-TRRP) 202,313,353

302 IF(TRRP) 212,312,314

314 TNS=TRRP
GI TGO 322

373 IF (TIIP) 312493124374

124 TNS=T212P
GU TO 322

322 IF{TINS-TSTR) 312,3264+326

2726 IMl=-1

320 WRITE (NPR,I10N) KoJyPHI

1CP FORMAT (LN txesaSPAL LR¥e®AT K3t 5[5 45X ¢* J2 [5ANGLE='FR,2)
IPT(KyJ)=210
TRR{Ky J}2C."
TIZ(K,3)=0,"
TRI(KeJ) =040
Pa==TTT(KeJ) /3.2
P{KeJ)=Ph
SRR{KsJ)=PW
STT(KyJ)2=2,04PW
SRZ{KyJ)20.0
S27{Ked)2Pn
TRR{KP14J)=20.0
TZZ(KPLJ)=2, 7
TRZ(KP1y4)2P .0
PN=-TTT(K.J)/1.0
PLKPLeJ) =PA
SRR{KP1,J)=PW
SZZ(KPY¢J)=Ph
SRZ(KPLeJ)zr N
STT(KPlod)==2,0%PHW

I0=2(K,JP1)
RO=R(KP]4J)
ZAzZ{Kk=-14JP1)
RA=R(K=-1,JP1)
IB=Z(K=14J)
RB=R{K=-1+J)

2C=2(Ked)

RC=R({KeJ)

[p=22

TRRA=TRR{K,JP1)
TZIW=TZZ(K,JP))
TRZW=TRZ{K4JPL)
TTTAa=1TT(KJP1)

CALL FRFESU (1R, ZORAZZARB,IBIRCoZC ¢ TRRW TZ7uy TRIW,TTTH,
LSRRAISZZWySRIZWaSTTW K o102y PW)
TRR(KyJPLI=TRRW
T22(KyJPY)=T 22U
[RZ(KyJPL)=TRIW
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TIT(KeJPL}=TTTH
PUK IPL)=Pu
SRRIKySP1)=SRR Y
SLL(KyJPL=S2IW
SRI(K:JP1'sSR1IW
STT(KsJP1)aSTTW
IPT{KysM1)=1R
JPizJ+]
IPT(KeJPL)=22
[PL=IPT(KPL4J)
IF (IP1.FQ.22) 1PTIKPL,J1=20
TRIKsJ) 220
TZ{RyJ)=Z(Ky )
TRH(KyJ)=RH{K, )}
TIMIKyJ)=2ZH(K ¢ J)
TROH{K s J}2RDH{K, 4)
TIDH{K+J) =ZDH(Ky J)
TRIKyJNI)2RIK,yMY)
TLIKyJINML)22(H, M) )
TRHIKy JFLISRH{K ¢ JML)
TIN(K; MY )aZH{K, IMY)
TROH(Ky JML)=RCHIK , JM1)
TZOH{KyJM1)=ZDHI(K e JM]1}

312 CONYINUE

3CCY CUNTINUE

RETURN

£ND

SUBROUTINF GUTT (IR oIPT 4R ZoRHoZHRNH ZDHeTRR4TZZ9TR24TTY SRR,y

SZ7 ¢SRZoSTT ¢AeVeP o KUX KMINKMAX,y JMAX)
1PLICTIT RFAL*R lA-H,0-2,%), INTEGFR (I-N)

COMMON /CCM2/ TR 124446)y TRH (24,46), TRNDH(24,46),

!

1 T7 (26 946) TIH (24446), TIDH(24446)
2 SR{46)y S2(46)y TSR{4&H)s TSI(4k), IM(2,46), SPTM(S5},
o ALU2)y A2(2)s A3(2), AG(2),y ALEN{2)y AMAT{2), AMU(2), ANUL(2),
S B8K(2)y CAPE(™), CDOT{2), DR{2)y D2(2}, RAD{2), RHOI{2}, RDOT(2},
6 RHUOG(2)y PHFT (21, TWMU(2), YT(2)y 2IDOT(2)y ZIV(2)y VCONI{2),
T CQiDOTNCTReDTHWIDTMINGZDINT ¢ TYMF ¢CHFKN o FACTR
CUMAUN /ICLM3/ ISHP(2), JIMI2), KM(2), KMID,
1 IRURoINTLIDT24 [DENT yIMAX g IPRNT o {CYCL ¢ TMAPINTT oK INT ¢ KMNy KMX
DIAFNS ICN
1 IPT(KUXs1),
1 RIKUXs1) RHIXUX 1 )e RDH(KUX 1)y
2 ZUK'IXg 1}, IHUKUXy L)y Z2DH{KUX, 1)y
VI TRRIKUXe1), T2ZIKUXelYy TRZIKUX 1)y TTTU(KUXo1)
I OSRRUKUX. 1Yy STZIKUXsY)y SRZUIKUXgl)y STT{KUX,L),
5 A(KUXel)e VIKUXpL1)y PEKUX,1)
NPR=6
SHS =AlL(IR)
r eres
C
C INITIALISE TG ZERC VARINDUS VARIABLFS
f
c X sE
TRRA =C.C
TRRY =C.T
FRRC=0,1
TRRD=0,.0
TLLA=),. T
T278=29,.¢
122C=0.0
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T72n=n,r
TRZAs0 .0
TRIB=3,7
TRIC=N,"
TRID=0.C
ACuNA=zC, 7
ACUNR=M 0
ACONC=C .0
ACUND=C,."
BCUNA=0,.0
WCunNB= .7
BCONC=",.F
ICSNN=0.C
"CU“A=‘.‘QC
PCUNK=C,"
PCINC=C,F
PCUOND=r ¢
712=0.0
723300
134z9,"
IS E VNG
p12=n,n
R23=n "
RIL=0, "
Qul=n,"
N} 3001 K= KMIA,KMAX
Ke[dl = Ke]
KPLSL = Ke?
KMl = KNMIANL
KCUR= ¥
Pl = KPLS!
41 N 3)CP §=1, IMAX
Jul = J-1
JPl = )]
Ip = [PT(K4D)
IF (KoeCTal) IPLFF2[PT (KMINL,J)
5(3) [TA=Y
{18=¢
1TC =0
trn=n
[rs=»
17T14=9)
[Tng=sn
1T20=0
5V G0 Tu (BCCLSE TLeSN L8N 500 45NN L4657 06 o6 N 1,5 0] 45NN, 50 0,
1 SCEOLy G0N LGN 410071, 5704 5N 34,577 4 5004,571 ] 46004 ,5001
934456 C4HNC2,R0NG 48ANG 8NN 4 K(N2) 1P
5L RL = R(KPLsJ)
1L = L{KPl,J)
Gu Tu &5(re
5C D IPR=[PT(KPY,J}
IF (CIPRGGT13)LANNDL(IPP LT L20)) GO TO &°03
G TN sfey
KON 21 = TRIKPLSL,J4}
L1 = T2(kPLSY L)
9774 CONT INYE
) T 15008,500%,5008 8008, 5006, 50 %4, 8405, 5CNA, 8 A&, 5134, & "8,
I SECH S NE4E5NK (BL VAL G0NE (SN NEZENNK G ENANK (SARE (SARE  5hAG,
l 52754 6CCR,R005,5005,5006,522£45226),1°P
SCM6 N2 = RIKCUR¢JPT)
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22 = I(KCUR,JPL)
5226 IPR=[PTIK,JP1}
IF ((IPRaGT413)ANDL(IPR.LYL20)) GO TO 5227
G0 TO 50CS
5227 R2aTR{(Kk,JP1)
2=TL(Ky 4P}
5C & CONTINUE
GU T {SCCTe500T95%1Ye50NT 450N SNL0,500T,5N07,5N07,5007,5007,
1 5007 45007,50CT45007:45007,5010,5007;5007,5009,5107,5007,%007,
2 5M0R950CH:50CR450100501045008) 1P
57 R3I=zR(KM1,J)
I332(KM1,J}
GJ TO (503645NM34) 1R
5030 IF {{KECKMIN) JANDL(K,GTL1)) GO TN 5035
534 CunTINUE
oft TO 5710
5036 3R(J)=R3
Stty)=13
G Ty 5010
HRYG RI=TR(KXNM],J)
23=T2(KNM1yJ)
60 10 5010
5071 IPR=IPT(KMY e d)
IF ((IPR,GTL13),ANN(IPR.LTL20})) 6N TD S0CQ
6010 R3I3RTEND
l2=2)TeMp
51" CONTINUYF
60 TO (5010805016950 0501495711957 1195N11,65011,5211,5011,6711,
5011,5014,5011,5011,5011,5914,5011,5012,5013,5013,5013,
? S5TL3950 14957149501 495M 14450149513} ,1P
531 JOR=[PT(K,JM])
IF (LIPRGCGTLIANLANDL (PR, LT 20} Gu Tu Ar 13
%*12 R4 = RIKCLR+JAL)
24 = L(KCURyJMIY
ou Td 5”14
5912 R4 = TR{K,JM?)
le = TZ(KkyadM])
W 14 CUNTINUE
53 TU (4C00,60C ), (R
4f7 0 IR (Kel) 4002,4703,4801
40 [F (K=KMIN) 471 2,470,40072
4000 SRS =R(KkV],J)
SZUJ)=7(KMY, )
"™ 3 CONTINUE
378 GU TU (1920394950607 98990 10011 01291340491591601T91R41992%021422
T 2302492%:76471,78,26),10
1 ITA=]
1T8=1
Irc=1
11n=}
GO TO 104

2 175zl g\t
1Ta=] “Q()\\c\
IT8=1 5 RE¥
G TO 702 Wo

1 ITSE)
ira=\

Gu Tu 7€t

4 17821

1ra=1




iT0A=}
6uU Ty 102
S ITA=1
ITH=]
ITOC=1
Gu TO 704
6 [TD=}
1TJuCs?2
wld TO 704
i 7T 1TR=]
-4 [7C=)
{TOA=
GO T 7013
e 1TC=1
IT94d=1
Gu TU TC3
QA |T8=)
ITC=}
{1o=}
[TOA=]
GU Ty N6
3 LA B Ko ) |
g 1rn=1
5 1Tud=1
L ol Ty 704
A LY CONTINUF
st} T}
17 CONTEINYE
. Gu Tu 1
i T3 [TAs)
2 17T3=}
17s=1
" 50 Ty 172
14 CUNTINYE
GOOTYoAn
k- 15 CONIINUF
7 TR VI A
g 1& CoNTINUF
] Gu Tu R
VT OLONTINVE
y 50 TN 3%en
] 19 CONTINLE
7 o) Ty e
k- 1% CunTINLE
Gy T R
3 20 CONTINUE
H Gu Tu |
4 ¢V CONTINGF
: G ™ 7
22 CANTINGUE
G0 o
23 CUnTINUF
G T 7
¢4 CUNTINUF
ITh=1
! [TOAz?
i T 162
25 [TA=]
3 ITA=]
E: Gu Ty 7172

iodarant o G e

7

R T W
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26 CUNYTINLE
GL TO 24
27 CONTINUF
G0 Y0 3000
Z8 1TAS]
Gu 10 M
2% [TAs}
ITRa=1
1Ty}
[TUC=3
T4 24) 224-21
R4l =R4-R}
TRRD = TRRA
TZLn = Y224
YRZHD = TRZA
PCOND= PCCAA
ACOND= ACONA
8CUnD= HCCAA
IF (ITCCLEQ. ) 0 ™ 132
IF tITNc-2) 306,313,3Co
e IF (17CC-1) M3, 101,703
70 23632324
R34eR3-R4
TRRC = YRRD
T22C = 1228
TRIC = tR28
PCONC= PCCAY
ACONC= 2CCNH
HCUNC= RCCAR
iF (l10P=1) 7,213,307
307 IF (1TNRe2) TC2,7C1,702
12 223 = 12-113
R?23 =z R2~-R3
TRR4 = TRR(KCUR .41}
T8 = T2IZ(XKCUR,JPY)
TRZR = TRZ{KCUR,JPY)
AN = A {(KCyQ,Jp1)
AMASS = AN/ZM(1R, JP1)
PCONB = RHL(JR)®a:y/ VIKCIIR 4P )
ACONG = TR2B4ANASS
B8CCNA = (TARH - TTT(KCHR'JPI)’*AMASS
379 IF (ITLA=)) TN14313,771
™1 212= 121-7)
R12= R)-F)
TRR A= TAR(KPL,J4P1)
TIZA= T772(KP1,401)
TRIA= TR2(KP],y0])
AN = A (KPY,LYPL}
GC T €30%,311),1n
139 [F (K~KIANT) 314310311
21N AMASS = ANZIMI2,4P1)
PCONA = RRC (D) %AN/ V{KPl, JP1)
el T 212
Y AMASS = AN/7MIIR,JP1)
PCUNA = RFU(!Q)‘AN/VIKPI.JPI)
312 ACINA = TRZA#AMASS
B8C JnA FUTRRA-TTY (KO, JPY) JwANASS

31 IF ((P.GT.22) GU TN %16
wExy
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EQUATICNS OF MOTION

sr e

50i5 INsZ(KCUR,J}

fNs RIXCLR,J)
ROHF=RDH{KCUR, J )
LOHF=ZNH(KCIIR, §)
GJ TU 3017
5N1é IN3TZ(K,J)
AN=TR (K9 J}
ROAF=TREH(Ky S)
INNF=TICE(Ky 3)
5C17 CunTINUE
Prif= ([TASPCONN ¢ [TRSPCONR ¢ JYCSPCONC ¢ [TNEPCUND)%1,”NY12/6,0
RINCN = TTN/ {280H])
IF (1T7S=1) 215,316,315
314 RANWan,0
ANH=D, "
RONiz Y "
ALFA=0,0
GO Tu 318
15 TCUI= J.0701TA+1TRITCHITD)
ALFAs TCANS(JTASACINA ¢ ITOSACGNS ¢ ITC®ACONC + [TD®ACOND)
BETAs TOON®({[YASBCONA ¢ [TB&ACONR ¢ ITC#BCONC ¢ ITD=ACUNN)

RANHE REHF ¢ RICONS(TTAS(TRRAS212-TR7A®RL2) + [TR*(TRRR*723
3 «TRIB4P25) ¢ [TCR{TRRE*2IS-TRICH*RI&) ¢ TTDX(TRRO*241-TRIN*
2 R41)) ¢ DTIN®PETA

RDEF = RLAPSCTH

RNW = RN4RDEF

[F (NDAASIRDEF)=1,00-07) 316,214,317
UMb N 2 RN
217 RNH 3 (RAWORN) /7,7

318 20NHs INKF ~RIDCN*(ITAS(TZIA®RI2=-TRZA®ZI2) ¢ [TH*(TI20*k2)
1 ~TOIR®223) ¢ [VOX{TIIC*RIG-TRIC*2346) ¢ ITOS(TZIDSR4GL=-TRID*
? Zé&l)) ¢ CTN®ALFA

IOEF =INH#NTH
INN = INSTCEF
IF (DARS(ZCFFY=1,00-97) 319,216,320
316 IN4 = IN
170 INH 3 (ZN ¢2NW) /2.7
IF (ITC) 322,321,222
312 PN,
G T R39
sRAN

NOW THF STRESSES ARE CCMPUTER

nxed
3.2 U= INW

Rl= Ria
IF ((IPLFF.GT.13) ANDL(IPLEF,LT,20)) GU TO S1A1L
G0 TO %102

SL°1 225TSZUA)
R2=TSR(J)
RH2=TRI(KN] 0 9)
IM23TLRIK¥],J) JCIBLE
ROH2 2 TREH(KN] o J)
TOH28 TI0HIKMY . ) NOT REPROD
su TU S1¢3

€172 22252(.))
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5101

5019

018

5¢ 20

€31

~5

»
.
3

5623
€ dkhn

r.
Ly
C
C ¥nax

13
C sewx
C
C

R2=SR{J)

RH23RH (KM] 9 J)

IH2=IHIKMLed)

ROH?sROH(KMY,J)
IDH2=INHIKNKL, J)

CIONT INUE

IPR=1PT(KNML,4M])

I8 (LIPRLCTLi3ANNL I IPRLLTL2G)) L) YO 6019
GJ Ty 5018

I3 = YL{XVFINL,JMY)

R3 = TR(KMINL, M)

THE3 = ZNH=TZH{XMINL,JM})
RHI3 = RAH=TRH{KMIML, jM])
LOHLY = 2ZDNH =TIOH(KMINL, ML)
RNOHLIZ = RDONH =TRDH{KMIND, J41)
w) T0 §1zn

L3zL{KV],J4MY)

RI=R(KM]yIML)

ZH13 sINF = lkh(KMLl,3M1)

RHL1 3 3PN\ = PH(KML,J%])
L0ALISINNR <2D(KM]Y, JMT )
ROHLISRNAF =RCHIKMY, JM1)
[OR=1PT (X 4JM1)

IF (LIPR,GTL12)LANDLO IR L T2 ) GO T 5021
Gl T 5729

IEARTARLEY

R4zTSR(IML

IHG2 = TIH(KeJMl) ~2IM2

RH42 = TREIK,JM1) =PH?

ROHG2 = TRPHIK,JM1) - RDH2
I0H&2 = TIDHIK ¢ UML) = 70H2

GJ) T 5023

24 = S2(JM)

Rn = SP(JM1}

RH42 =RH{KCHR,JV])=~RHH2

IH4?2 2THIKCUR ¢ UML) =242
INHG?2zI0H(KCHR,y IML) = 2INH2
RDIH42 =RDH{KCURy i1} = RNWD
CNONTINUF

COMPUTE THE ARFA AND RELATIVF VNLUMF AT S fw 1 [uF

AN= A(KCLRyJ) \t
Vs VIKCURJ) QQQQA%
162:24-12; %g?“
R423R4=R2 0\

Al24=0, 8% (6% (R1=62)~Z1#R42472% (R6=R])) N
A23450,50(24%(K2=R1)+226(P3=Pu)s73%R4D)

AW=A126440234

AHzEN, G (AWeAN)

VWIRHOT (JR) #(A1247 (2448 [#R2) ¢4 234 (R 34606¢R2) ) /2L LA, )
VHEA 33 (VaéUN)

DELVVS{VR=VYN)/VH

IF (JABS(FFLVVI-1,00-07) 223,323,324

DELVY=C.C

CudPUYTFE THF STRALN [TCREMENTS
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D mve way swrlow it S AN e ¥ e A

c
f

s ExER Na¥al

TOaA00ON

TONNOD

n ]

AN O

IO

reax
324 ECUN =R SoDTH/AH
€2l = ECCN % (2DH42*RHLI ~ RH42%7DH13)
FRRH =<ECCN * {RDHL2¢ZHLY ~ JH&Z2*RNHL2Z)
ERIH = ECCN S(RDH428RHL I=RHLG2SRNH]I=2DH42#IHL I+ IDH] 3%2H42)
ETTH = NELVV-ELTH-FRRH

SCUNC = DELVV/ 3.0
SZIN STLIXKCYR S}
SRRN SRR{XKCHR, J)

4

*

=
SRIN = SRIIK(C!IReJ) :
ALFA =5 C.S2ECON®{RDHA2"RHLI~RHOGZORDNI 3¢ ZNHA282H 13- THA2*INH13)
BETA = 2,0%SUTANGLFA

suse

CU4PUTE NEw STRESS NCVIATCRS

LRAX
SLIW 3 SZIN ¢ TWMUIIRI®({EZZH-SCLUC ) +RETA
SRRA = SRRN ¢ TAMLIR)S{FRRH~SCONCI-RETA
SRIW = SFIN ¢ AMN(10) *ERZH ¢ (SRRN=S?IM)SALFA
STTW 5 STYT(KCURpJb ¢ TWMIIBI=(ETTH-SCINC }
. bk

CIMPUTF THE ARTIFICIAL VISCCSITY TERMS

sEey
IF (DELVV) 32642254325
3125 JQNH = 0,0
60 T 327
324 VIV = DELVVW/OTH
CQANt = (AHSRHI(IBI/VH)I*(CASVNOV ) ee2
L 2N 1]

UsF Tl EQUATION CF STATS TN COMPUTE THE PRFSSIRE TNCREMENT

Ar e
WY NELP = ~RH{IR)SNFLYY
P 2 P(KCUR,J)+DFLP
shey
TATAL STRFSSES ARE COMPUTED NEXT
2 XL
1224
TRRA
TRIW
TTT4
sk by

S?Zw=PW-CCNH
SRRW=P4-0INH
SRIw

STTh=Pu~CCNH

CALL THE FREF SHRFACF RUUTENF T ADJUST THE STRESS VAILUFS

LA 2

CALL FREFSUITH 21321 9R72 922903923 )R40 243 TRRAGTZIW TRIW,TTTH,
1 SREkWeSZ2WeSR2WySTTWoKe Py PW)

"y %

COMPIIE THF DPINCIPAL STRECSES

L4 I
2R ECUN = O S58(T72ueTRRA)
TCCN =2 PS5+ (T21%~TPRW)
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IF (DABSITCCN)) 330,337,329
322 PHi=DATAN(TRIW/TLONY
G Tu 32¢
330 PHizEN,N
331 ALFA =DSINIPHI)
BETA sOCOSIPHEY
T2V s ECCN ¢ TCONSRFTA ¢TRIWSALFA
TARP = «T22P ¢T71lh ¢ TRRW

PHE  s9CPePHI/2,1415628
LT TS

CHECK FC TIME STFP STARILITY

[k N Be e

TR L
337 BR13x (R1=RYI)2e) ¢{]1=13)en)
RR24= Fa2¥R4L? ¢ J4adn4p
IF {RR13 = RR24) 233:233%,336
333 DELR =DNSCRT(RMY 3)
fu Tu 3138
334 OFLE =NSCRT(RR V%)
328 CHEXV={NFLP/CLCT(IR) ) sEACTR
P25 CUNTINUE
wl YU (22¢,379), 18
36 IF (K=KMIN)33T7,337,339
37 0F 1y-11328,122,33)
338 KT=X
Jr=]
DT HW=CHEKD
13C [F (CHENT=NTHW) 241,340,341
1Y KT2K
Ji=)
(4T =1u
NTHd = CRFKN
1t [F (AJDCLCYTL IPRNT) Y 381,362, 391
3642 1F (J=1) 267,343,267
342 [F ([R=1) 24¢ 92444244
s | (K=XNMIN) 3614345 ,1409

L X B

FLAD TBF wAVE CACNY DCSITTU

SA NN

e
345 AF = TYPOECDUT(L)
KAF SICINTIwF /0701 )¢ 05)
WRITFE (NP INDY TCYCL g TYMF  WF o KdF g M THy NTHA G JAT kT, U T
346 [F ([A=2) 349,347,239
67 IF (K=2) 46,343,%%9
a9 WRITFE (RP1 1) KINT
16C WRETE (APRYLI™T) Rk

T2 = 0,0
TP = F,n
Pl = " ,F
f’l-v = "on
TRRA = " ,"
1RZ4 = 6.0 ““Q,\B\'E
Ity = €, REVRO
Ar “0‘

WRITE (LT 14F 2FG vS

IR Wl
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L2 2 2

350 WRITE (NPRoIN3) JoZMd oR4HTI 2We TRRWTRINGTTTH TL2P TRRP ¢ PHI
*e9s

<

TRANSFER CATA (GEOMETRIC) OF K=1 POINTS FROM TEMPORARY STORAGE
TO PERMANENT STNRACE

2 ¥ XsXaXal2a)

LA L L]
351 (F (K=11 353,353,352
352 [F (1P.GT.23) GL TU 6N
- IF (LIPLCTL13),AND{IP.1.T,27)) GO TO 5002
RIXKML 4 J)sSR(J)
ZIKM1, 0158204
SR{J)=RAW
SLLJ)sING :
IF (LIPLEF.GT 13 ANDIIPLEFLLTL2™)) G T 60N3
GN TO 6009 )
6”71 TF ({IPLEFGTo13)4ANNLLEPLEF.LTL20)) 6N TO 67%
GU TO ores
| 6CY6 TRIKMY 4 J) TSR Y)
TZKML, 3)=T87( D)
A005 TSRUJ) =RAW
TSZ(J)=Ihw
0 TO 6669 _
b KUC? TF ((IPLEF.GTLLA)ANN{IPLEF.LTL20)) GD TO 4707
E:: 6F ¢ RTEMPaR(KNLoJ)
3 ITSAP=2 (XML, J)
3 6077 R(KML ¢J)=SR{Y)
Z{KM}J)sS20Y)
333 SRUJ)=RAM
3 SZ{J)=INw
£ oll TU 67F9
3 6003 TR(KML,J)=TSR(J)
e TL(KMleJ)=TSZ0Y)
E 6Cr 9 CONTINUF
" IF (IP.GT.23) LC TN 57”25
3 RO (KCHP ¢ J)=RNK
4 IH{KCUR ¢ J)=TaH
3 ROHIKCUR ¢ J ) =RDNH
. 20H(KCURyJ) =7 NH
e Ty 8627
5324 TRH(K ¢ J)aRNK
T2A(KeJ)22INF
] TROH{K yJ) = POYA
TIDHIK 33 = 2ONF
5§27 CuNTIWUF
IF ({TC=1)3r00, 254,300
354 ALKCURJ)=AN
VIKCUR 3 J) 2N
PIKCHR,y J ) =PW
SZLIKCUF 3J) 287
SRRIKCUR ¢ J}3SRR W
; SRZ(KCUR ) =58 2 NOT REPRODUC‘BLE
3 STTIKCUR, J) 25T Tw
E TLL(RCUYR yJ) =727
: TRR(KCUR,J) =TRRW
- TRZ{KCUR I =T W
3 TTT(KCUR,J)=TTTh
IF ([P.GT.23% Cr T 300
IF (UIPLCTL1 3 GANRLLIPLTL20) ) GO TN 5030

B

A
4
<
2
3
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Aot A e e m e e e
L n e e S A Subrral e S e o

GO in 3rce
53317 [Pa{peln
6u Tu 531
3V CuNTINUF
IF {18,FC.1}
LCALL FRAC(KML gSHES IPT oKUX Ry Lo RHGZH BDH ZOH, TRR 177, 17 ,TTIT,
2 SRRS774SRZS5HTPs JM(L})
IF (FPLEQet) CALL FRACTN (TRRGTZZ TR2ZGTIT K KX Q7 ¢Ritg Prigh Dty Jiity
1I408) 0 YTUL) oSPP 4 ST74SRLGSTT 4P IPT
INVY CUNT INUF
K=K MAX

TMES 1S THE F43 CF THE K-LLuP
LY 2§

C
C
r
£ oUW K 1S FOLAL T K4Ax
f
-

sRAXE
“C342270w=IN
TCIND S INH=T 1M
T sla uzl,0vAX
TUM0 e S) =5701)
R{KCIRed) =Sk }}
GJ IN (6022,374), 1R
93 P (P T(XMAX 1) =123) 274437445721
G4t TZ{KMAX,J) = 157204}
o {nAX,yJ) = TSr(Y)
YA CUNT INIIE
IF f13.5C.1)
1cAaLt. FRAC‘K“AXQQ”S'”"'K'JX'K"'QH'IHQ’“‘N'"nN'Y’U"'nrllvr""TTY'
T OSKR G ST2eSR7(STT D I¥LL))
Ou Ty (@t a78) .10
279 [F (Ke<M({ZF})} 117,387, 33"
474 ke M(2)
JIisg¥t 2y
CALL MMOV{ 2, FCMN2,T7CN?, KMAX KKKy §3J 1}
13 CanTiNir
VN PR IAT {THD S0V € Ly 3 et TIF 24t R 4,30 M, 1a, 30 TRCUNT 2488 ,0,
1wt TN 33X 70T C N2 g (AL IXGAOELT 33 FR 4y 1 46, X
2O RHDELTMN 20k, 3920 VS 046Xy TH29K g ) =9 [ 2421 %)
11 FOIVAT (1Ar INTFRFACE =Cil, e[ %)
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